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ABS~CT C 
This thesi.e ,develops the first-. interpla piece part allocation I ! 
forecasts' to make use of what we know--about 
\ . 
. 
i.storical supply 
demand connections among geographically dispfaced sectors of a 
fi .. rm, ·withi·n a .. -framework which divides a finn into· 21 sectors, lt 
' 
'-
rep_resents mutually consistent forecasts of how much each sector will .. 
·, sell to each other sector, how much labor wlll be employed, and how 
much material will be used to establish tbe· :e_q:uillbrium for the sys-
t.em 1:lllder conside~ation •. A concept of ·thts: .so:rt o-f· consistent fore--
,. 
ca.s.t ing, its uses, *and the proof by example form the. essence of this .. 
thesis. Although many pages have :b~en de:voted to d~scribing particu-
.. lar parts of the system used here.:.,,. the main. :contribution of this war~ 
has been to integra._t~. tnese parts toget·her w.i t·h· op~·rEJ.tloli-s ~esearch . '-., I..· :i :· .,-i. r..:· 
·techniqu~s .iri,t.o a un-i~i.~ci, .comprehensive, µsa;Jj:le foreca$.t- too.i: ·fo·r the' r----; .. 
f.irm. 
.. T.his t'heais stresses· .. t·he use.fu·lnE:}ss o.'f t'-ht.·s: sort of forecast in: .... -, . ' . . . - ' .,_ . . . . 
.•; 
.making busine.'S$· .decisions. By use o.f'. thl.f apprClach, decisions must b~. l 
. \ ~ 
made .which will be juctged in. the· light o:f i.-uture even-ts·. Though we 
. ,.,· 
. 
cannot know those even,ts with ce:rtainty we: ne~.d not: mak~ ·our decisions· 
i · ..
.,, . 
in the d~rk. · The advanced· 1ook· at the future which these forecasts 
· offer should help business avoid wasteful over-investment in some 
. areas and the retarding ~ffects pf· insufficient ... -investment in others· .. 
. 
. 
'\. 
. It should h~lp us b·u,ild-new 'plants, expand product lin_es, plan.new . 
' 
. 
. . alloca_tions ,-'and prepare ou:r labor force and management for th·e needs 
of. the i.future. 
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I. - INTRODUCTION 
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·-· I , 
..... .. 
•' ~-. 
.... 
-~. 
'-
~ .· 
Input-ou~put method is ~ssentially a system of double entry 
' . 
" 
t 
· bookkeeping which shows, for: each sector of· an· e·cono~y ·system,. du-ring·--··-·--,.-.... -~;-~~----- · · 
a given· period, P,Urchases from and sales to e~ch of the other sectors. 
.. 
·it fully· describes th·e transactions that. the model is designed to 
sense that .it :includes sale.s o·f intermediat·e products :as well as ·end-i. 
... 
:p·r<;>qu¢t. deliveries. .L 
·ln ge:p.:eral the distrjbµtipn :o·f· t-he1 p·r~dµct.s- :or services of .an.y 
. 0)1e secto·r to each of the othe·rs.· IJlay be traced by reading the entri:e.:s 
•( 
alo11g its: row,. and. i.ts :_purchases from ·ot>he:r sectors by reading doWij __ 
its ::coi-µmn·.. It ls ·thi"s pr~pe~t.y from. Which first led Wass·tly: w ..
Le.on·tie.f to refer t.o them ·as n·input.·-:out.put'' table·s. (Notice.- t]lis ts· 
a; square t,a_b_le, -row 1 ·.and column 1 are th·e s.ame secter.) 
:p 
:R. 
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' This table may be -i·nterpreted as . showing the ·_simple. direct ftow 
--- . . 
. ' 
. . 
. 
. 
o.t,;goods and services among the sectors de:f:i~ed in. the model for some 
,-- . 
I 
._ base· planning periodi;. · The economic ~ct:ivity is classified into en-
.. , ,; - ... ,......... . . 
.. 
.. ' 
..... • 
- ....,,..· 
r ,:• 
.·.·: 
i . 
i 
. 1 
; 
l 
· . ·. dogenous and exogenous sectors. T·he endogenous sectors are the prp~ 
I 
.. 
'{ 
l 
i. 
r-
~ 
. ducing sectors wh-iGP. use primary factdrs and t·heir own outputs_ as 
! / . ' . ! inputs . The .. ·e;x:ogeno.l!~ §~it~'J:-~~-!?YPP.lY-.. Prim,a:t~}L,fac~&.,~,.eoftsumi:-=tjle:::cc:::0':-:0ccc.c:::::c;c:"' ,·a,f 
. I outputs: ·of :t'fi~.' pro_ducing industries. ln thi.s· appli'cation, one ·of !. 
t-orecas·t·., :ft is conven:ient. to lump all the· exogenous secto .. rs toge~he:r -
., 
{rt:t,o. a sing!~- -''':t1n·a.1 ·· demand1 ' sec:tor. to .-fa-tilit_at.e analysi:is of t-b.eir'. 
¢op·su.mption. ( ·'the f'inal cl.emarid sector .is not uniquely def·ine·d. 
ct>nsists_ o.f the:· set fhat is not exp_llcftly in the mo:d~_l as: one o_f· ·t-he 
e.ndog .. eno1;1s· sec-t·Q_r:s-... :Final .derna;nd .in· Table 1-1 could.: pe .ttpres.en:ted by .ai 
·s:·~v.enth co·1urnn. ·_an(! woµlci .c_onta'in ,a.II p~oduc.ts ·not co_nsurned b·y ·the· ot.he·_r 
,· ,. 
:a;:ri -e;xternaI _dema.nc:i' yectb'r whi-c·h_ d-ictat-e_s -to th_e e·conom'ic ,· s.ystem: the 
,9: 
:maiid, t]iat the .. fo·-rec·a-st rno~el w.-i.11 .. at-temp.t. ta~ ·,s;~ t.J_s:fy .-
Ea~:h $·.ector, is assumed tc>" P..~ddt1ce ·;;f hornogen~oµs c0.ut_put ~ :and- t'h¢. 
. 
-~ f.low·s can be· ::·measured .in. either phy-~tica_l ·untt·s ·o_r ba;-se year values. 
,. "' 
Leo_n_ttef 's practice of defini~~ a physic~! :unit: .as a do1tar··' s worth 
., 
in a base year i~ .ernp1oyeg thr.oug}?.out: :this work. It will be noticed ·-·----..!.- ' . ,, ·• 
I 
·that since e.ach do:11·ar in t-hts _system is ~dentified by both 'a selle_, 
' (producing secto.~)•_:an.d a .purc·haser, .. ~:he system impose·s _a .double-ent·ry 
i.i 
. . 
check on to_re.~fast·.5-:.;- To.-· b:e_ sure,. this does.. not . .'gu_aran·te.e _correct 
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. 
' forecasts, __ .-~9t:~tt._.do_e"s,_ ___ ~equire a-.seiJ-checking discipline to avoid·-· .. 
·\...J 
----~rroneous projections. 
Each sector in the· economic. -sy-&-t-e,in-- direct-i-y---requires primary -- -- ---· - ---·- ----------
f.' ... 
. ('# 
',,.._ 
•• ' factors in its productive process along w;ith. the production inputs· 
" 
of each othe·r-. The four p·rimary sectors used in the input-output 
.. ~---·-·,.·~····-- ............. , ....... , ... -- .......... !" , ,,.~~·-· ... , -· ..... - ., ....... ,--. . ·r· 
.. • ...... • ••...• " ................... 0. ,C •. C-C:.. : •• ; ~,.,;.; •• , •• ~:.~;;..;_ .:._ •·•·- ;----~- ·······-· ·'" •• • _,_,., •.-~• - ...... - .. _,.. •• • •• _,.,_. ,., .. ,,.. ......... - •:••••• '·~' ·• - •..•.• 
------- --· --· -------~-.-:,-. ·..,..,---- - -- -- - --- ·ino.del· in Chapter . 4 are: 
·;~.· 
·._ ·:-·;.-
··, 
:'•. 
1. Materials and supplie~ 
2. Productio·n workers 
3. All o.ther personnel 
4. Overh.ead -or burd_en. 
:.-
,•) 
. 
. 5.:. Re$t of ·the world 
-~=-- ., 
., 
.. 
.. -
.c 
' :., 
.... ~-
. ~ ... ,. 
. '-'\,' .:-
-·The·s~ flve: sectors a:_1911g :wit_h t'h.e :f'inal demand make up_ the .tot~al 
·exoge:~~us .sectors: ot· .tne·· ·econo.mic· '.IllQ<;ie..1 used here.·. .. . 
·Statement o-f: the··. ];>roblem· 
./ 
It- i:s the, .pu:rpo··se of this thesis. to· explore the- feasibility o_f: 
·.usf;ng· irtp:ut~output analysis for forecasting piece part demand by 
.. 
I 
'-· 
d·istinctly-.defined sectors of a :f.inn. It must be noted now all.d 'through~· 
.I 
"' I 
,. ,, 
out. :this work that the lllethodology and allproaches brou_ght- · to bear on . 
. --::r·--- ---· __ ... -,. _ .• 
th1.:.s problem. will be dictated by the actual data· used_. ·Therefo~e, a .,.. 
· _·direct application of a~l ·that· will follow. may not: be. possible~. The 
author will attenipt to -point alternate approaehes w~_ere. applicable-,. 
. 
. 
. how.ev_er, most ·t.-echniques. will be appl.icable. 
j 
the. feasibility of prediction for ·this ty.pe of allocation is ··:a 
large task. -Therefore·, since the.· essence of the probl~m is one o.f 
' . 
.. , .. 
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. feasibilit¥·· detennination.,. available or a low: co·st data:· collec-tion. · · 
• s.cheme should be used~ • ,.J .-
A high point preview of what will b·e involved to· meet the o~jec-
- ••~-
tives and _gos.ls in the solution of this problem are: 
'· 
1. ChE1e}{ -t·he- feasibil~ty 9f pie_ce par_t _for~c~st mode~-- usi·ng:_ 
. .. 
... .. . 
'I ; . 
. 
, .. ... ~-· 
.. ' 
. 2. Develop- in~_thodology for parameter dete.rrnination. 
-
~ ... 3. 
~rtvestigate-parameter variation ove~-~eve~al (5 or 6) 
planning periods. 
•" 
.;,:(-~ .4. . .Formulate several tcrre¢as.:t; t.echniques •. 
-.:. 
.·; 
:· '• 
, '. 
,., 
'~· 
s, ~-· Forecast future· planning ':pe·rio.d interdepe.-n.de,~c;y· :ma_t:.t1.c·e:s _.: : .... II,· ;, 
6. Evaluate and de·t:e:r.nrine, a "best" foro.,c~$t .met'ho.d·. 
,• 
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. ··- -,,1-- ' 
·~· ;·•. About the Data 
\ 
Available from the e.coI10,m.1p depar.tmen'ts .in mo.st .. :flhns is the 
: :, da.t·a that they- sup.ply:_. to the lJ ~ S.~ Bureau .o·,f , Cen.s-us In the Annual :·.· .• ', !'· ... ·· • 
. 
Th·e -sl~:~~f- · in. 1967 had 3.00, 000 
.~ ... ·JtH\tl)(f°acturin~ esta·b.lishptent·~ as CClntributcfrs wh-ich ·, :account fo·r 1 ·more ... f ' ... 
. .t:-han! two.·;-t:h1rd.s· of. the total employment.- ·i-n .t·he :United States. . Interest .. f( .. -__ ·· .... ,· ·?,,! ~· 
. ~ 
. I . . . 
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, ;-.~_:n .... th~ .. use .. of. ·t.his data ·to extract infor.m@t~_~o-n-:-._-for--fo·recast·:i;ng should···-
·be o:f inte·rest·. to many of the 300, 000 :. manufactures and the te~Jiniques ·I.. .. 
. . " j.· I 
,0 f ~ f, • I 
'~ t "describe·d here. could be extended tnto the· context of their economic :~ 
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-The data required fo·~- this surve_y' i~.-: 
",4;. 
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6. Cost of materials 
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It is this data that. wi11 support the int>gt-o:utpu:t: nt<i4~)~ ·¢(liis.:1<;1ered: 
.. 
I· 
here. 
Som~- 9f t.he attributes of the data from the ab.ov.e· :.source are: I ·,. 
1.. The units of the _da·t.a ·are in doll-ars. 
. 
. 2.:. Each data piece ·.represe·nts a ·flow- bet.we·e.n. 1two .·~:ectq.r$· •.. 
., 
·3.· •. The planning pe.riod_ is· ot1e ye~:r: __ 
.:, o· 41. Th.e: pri_mary sectors are·. :defined :~n.d fncllided. 
··-· 
. t 
•· . ... . - ... ~ .. ....__.. 
. . ... 
.• 
.. 
·- ·--·----~--, ,·-· ... ,. ..... ----· ........ -··· ·-· . ·-
p-.. ·Th.e _endogenous· $e.ct·ors a-re·_ -:defined: :~nq. iri'G_l_µcf¢d'-: •. 
, 
- . r The ·data is not only appropriate. fo-r. input-output analysis :-but. 
-
also it dictates~a possible sectbr·definition for the mathematic•l 
-~<>clel. . Since the data was col-1.ect.ed at various aggreg.ation ·1e·v·e1.s ~.-; 
. . . :, 
over the -y-ears, it was necessary to·· construct a common sector 
.. 
- d·efinit±on··-to ·-suppo·rt 'the ·mo~de·1 ana "flie'ri consolidate 'tlie d~ta to. that 
level. The model will be composed of 21 endogenous sectors .• , 
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. It is the purpose of this section to show the basi.c mpdel that· 
·-~~=-·•"'.f'-~--.~.a.,., 0 .......... _, ___ ••.• ,, •• s·•~·,,M_,-......__ .... ~,·--~= ---~--~-· ·--••-•••• ••• ... 
·---'------_.,_~~-"-'·•··» ,.----~7-,,,..,, ..... ·;·----·-·,-·•·""·'• 
will be used as a skeletol). from --wh-ich all further development· will 
.. 
. , 
emerge .. 
.. 
.. •,. . 
Define:. _ 
\~ 
•,•• .,. ,_..,.,.., ... ,.,.,.,,. .... ., ., .... ,!,:"• .,.,.:: .... ,. ... ,..~,·,•~ .,., , •· , .. ., .• ,.\"' ·""w •,·--··"~,, ,.,,,,,,,,,.,,.0 ,.,,,,,,,.,..,,.,n,.,~.,., _,,,.,., '""'"" """" ,.,, . "n, ·.· , ,• , .. :· , '" ... "• ' '" 
X 
i 
' 
= total ·:tl9w .in tlollars into -the ith :~.c(.):nQ.mic sector 
·o-v~r: a base planning period T. 
x· ... 
·. 1.J 
- :\ 
= flow ill dollars from sector J tQ $Elcto:r i over the ...... 
bas·e _planning periqd T. 
Y:]. ·=. -~xtefual demand or. _·tne ::amo-unt :o:f .. funds· :iri' ,dollars 
:_:flqwirig from outside the :model s·ecto·rs. into t_he i:th 
.. · 
•. .., . 
. econoin'ic: s¢:c.tor -over. the base plannin;g .perlo·d T. 
.... 
\ ?f' 
. . . l j['pE3 :t¢qufrements. of ·the~e vectors and .scalars :a·re- :S·ub.ject· to, the~~·:-~ ________ . -·· 
:following cortstr~i-nts: 
x-. > o 
'1_ ~. 
JC:. ·, > 0 
,1J - ' 
y 
i > 0 -
. .! 
,•: 
• .. ,,I,.. r •I • - ' • ,.. ~ '.'"• 
-· i •: ::·•_q'." ·;: ~·· :.-.:--~·::·-·. ~ 
.... , .. 
··-='!. r 
·where. i, j = 1,:2 ,.·3, -.• ~. ~' and· m is the number of econom1c: 
.. . . . !' 
sect.o.rs :i·n. the interplant model. 
Derivation 
•th The activity· in the 1. se·cto:r c'~11 be rep~sented, 
xi = xfl + x. 2 + 
. ]. 
. ' 
••. + xim + r i .. :. + XJ.J'"·+ 
· eq. 1 
~ 
. ,:t{qp.;t iS, •. the total f.lOW of funds x1 through the i th sector is the 
•l)·o 
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sum of the flows from each -of the sec:tors of the region; x .. , j = 1, l.J 
~· .. :tt,., / ' .{.,~,., .. ~ 
2 ..• , m· and the flow from outside the model sectors Yi. Alternately 
equation 1 can be expressed as the sum of each sector's contribution · c. 
·}. 
' 
. 
x. = 
. 1 
m 
~ xij + Yi . - . _,. -------· .. , . 
j=l -/ ( l) ;1· . 
a . • Xi + • • • · • + a::.. .:x . +· 11 . . .13 :J. 
:whe.re the- a.·· ·~re coefficients·. 4e.f·ined ·b_.y_· ..... ··.J.J 
aiicl. 
-a ... -
·1~J 
X . . lJ 
x. J 
0 < a .. < 1. 
- lJ -
L a .. = 1 
. lJ 
. J 
' i 
. ,- .... · .,..,..' 
•••• 
. ' 
~· -· · .. 
+· .airJCm + Yi · 
eq •. 2 
eq. 3 .. 
=which may b·e interpret·ed ''as the amount :o:f. aet·ivft:y ::i '·s ·01itput needed 
to p·roduce one. µnit of:: comrnodi ty j. Tl;J.e. _·qua.n:t.tt·fe:s aij are referred 
.. to as input.-·output·, production or ·techniciil co·e'fficients, and are 
as~_umed to be. coJfs.t.ants independent of the actual values of X 1 . The· 
-z,,: 
' t·e·rm aiixi repre .. ~ent.s the aoiount of Xi's· output ·that ·1.~ consumeC:{: ·by 
... 
·t~he i th sector .in the f i-r.st p·lace ... · 
Now expressing eq. 2, in terms of external demail:d .a;.s a linear 
I 
combination of t.he set { Xj J, j · = 1,. 2: .. _. m. 
·m; 
Y. - X
1
. -:. -~ 
·1. L..J X •• lJ eq. 6 j=l 
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Eq. 6 then expre$ses Yi. as ·the difference be.tween. total output of 
activity i and the amount of :its product consumed by the m sector 
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sector· i's ·output •.. 
In· a ~losed i:nput-o.utput model ¥1 =' O fo.r E;tll ,i·. There are no 
surpluses, which means that the .mo.del is .go_mp.let~ly absorbing. All 
outputs a:re. consumed wi thi-~ the ·.$.yst.em:. 
-~ 
'];:n ·ijn ···01>en model Yi >- :o for· :at:, leas·t ·one :i .•- F:ro.m: an·· ect>rtomic 
(some· quantity of:. cap~tal,- labor.,.' raw: mafe~.i~fl-. 1 ~tc.'.) t·hat is supplied 
t.ci t·h.e ·system from the outsic;t.Jt. 
., 
The: :essential cha·racte,ristics of an 
. ,· .... • . . .. .. . 
.. l - ... 
·open mod•~l is the existence o_f'· .ex.te_rnal demand or sup.ply o·r .l;>o.tl1,. 
Thefs·e ·¢qt.r~ttons can be_ more .conc·isely written· using ·matrix no.t:a-: 
D 
t.io.n .wi.t·h cQ1umn :ve.ctors. 
,· 
.Let 
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.x - • • 
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b_e·--~the solutions 
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demand vector. 
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Th'is is also known .througp.~~t. the literature a·s· ·'':f,1:n,al 
-b . 11 f g_o-o· __ -.-a·-· .s" d " d·- - - --- - _d· " · 1 o an exoge:~Qti$ ... : .e.m.art ._.-:.:. 
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lie-. f:he.:" squa:re .. ~ coeffic:if3nt:s· rnat:ri.x •. 'Recal 1 th.at the- i._de.n.t·i.t:y -mat:ri::,t 
·ts.. d~:finecl. as: 
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matrix nqtation, "eq. a·. can ~ repr.esented for· all :i ._. 
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or by- the matrix equation ) 
. . ... 
Y = {I. - A) X 
I 
and (I, - A) is the· Leontief matrix. 
Solving An Input-Output System 
··{ -
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Look at eq. 1~ we actually req4ire '·a. u_n·tcrue:• so:lut:io~l. vect9r .x: .. '~ 
. . ... ·' 
' 
given an external de~and ve.cto:r Y • lf: we a·s·sµme ;an eff~¢1ent. sys.te,11t, 
that is B . ,~ = O then. the so'll1tion for :the system is 
. :-..· 
... 
(I - -A) -~l :y. =. (I - A). -l (I -- A)X 
.;..1. (1. ~ A) Y = IX 
(I: -.. A). -~l Y = X 
J.. • ~ 
. 
' . 
eq ._ 1'2 
___..,,...·f~t 
·~ 'Th~ scrl-u.tion :i~ Jl.e.term~n¢d- ,b,y me~n~ o:f (l ;_. :~) ~i _1: -t:'h·e Inv~f:t's·Q_ -qf the 
··The entries of. th'is: inverse mairi-x' are calied_· ,int.er--.--. . . · ... · .. 
' 
•. ,.,r, -r., 
_depende~cy coe.fficients. , 
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th;e pro.duct of one of th~ 'boe_ff ictentj; w-ith the external demand ·~ ... 
-a·ssocia't.ed w-ith its colkn s.ector yield-.'the direct and :i:ndirect re-
sponse· in terms of econqip:ic ,ac_~iv_~ty <Jf its row sec.tor to this par-
·,, 
,r: 
ticular external demand inpqt" Fcir example, a .. Y . 1J .J is· •the total dire:ct·---:-· 
and indirect respo~se of the ith sector to the ext.e·rna1 · demand input 
. .. 
• of ~ j units by t~~. jth sector of the moµel· •. 
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Then, if all 9irect and indir~ct· ·respons~s: o.f .a. giv~~ sector are 
added toge~·he,r,. ·the· .$Wll must ·equal the total .ecci~omic activity of that. 
sector, s.~Y 
,'?.".,;. 
. ,. -· ·- .- . - ~ . . -- ----- -· .. -_··_ --~ --: --···""·---·--·~-------· m· ... ·~ -···- -· --~ --··- ·'<--"· 
X--i r: 
j=l 
a Y 
ij J 
!, ~--- -:- ,-;----- - ---- -· 
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eq, •. 14 
··in order to: :obtain the total--respo.t1.s~ -T .- by· a.11 s.ec:to:r..s- of the J . 
model toa given external demand input Y.:i' we S\llll. the total responses 
.. :' 
~· ~-
of each .i:rtqiV.i-d1ral sector to that iripu.t. :That,, .-i~ 
; . t ....... 
.. 
--~ •. ·., 
,; '. 
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. . _.· :. ...,; . 
. · . 
. . ~ ..... 
-wher.ef 
• 
'T ·= a . . Y 1 + a 2 .. Y.2--. + .. _ .. • + .a . Y .... -J l.J - ·J ·, _: m.J- .m 
-~;· ~~-:,_, ..... I 
m 
·T. - '°' a Y J. L...J iJ" F 1:· ·: 
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i=l 
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The hllillbe~ained in eq. · };6 is called the, 'li1~l:t!J}.J,i~F for the 
j se,cto:r of the· inod·e.l' and e~ 15 yield the -total r.e_s·p:011se oJ the 
• ... . --~ :a 
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•!' • ... '"!l. '-
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I ' 
. is the sum of all the direct and i-ndirect responses of the system to· .. 
'' 
" 
' • f• 
.. 
. external. 0 d·eman~ and is the total economic ac~ivity of t·he model.· 
A Closer wok at Indirect Activity· 
-· . ·-. - _ .. ·-··. -··"" ... - ·----- -·-·-· --
Let us·suppose we are dealing with an input-output model whose 
. . technical coefficients matrix is A, eq. 9, and~· let us suppose further .... 
.,. .. 
. that outsi_d~,---~9.Jl~Yme._~s.: ... b.a.Y.e-.deinanded a set of goods given by the non-
···· . ··--""~"'·''··',··'·',"'···,"··-::~~:·:::-·::·ctor y
0
• . t'n~e the application here is for a firm, we can 
... 
• 
.. :. 
•. 
f, ~, ,, 
. 
,. 
. : I 
' l 
·-assume that the inod~l is operated b_y a central ·planning authority 
whic.h must -~olve the sy,stem 
...... 
X = (I ;.. ·.A)Y 
' ' ~· ' ·o. 
* * · ,atiq ·the solut:ion is X - (xi). The:n· .e·ac·h S'e~ftor ::it¢·,tivity 
clrdere·d to .operate at the level i·t--~, 
1 
eq ., 18 
St.i\ 
~oweyer., we may also think ·of -the .a¢-t.ivit-.ie:s. S: a.~. :b«={f_ng _ope.rated 
'i 
·b::r comp:let.ely ind~pendent :~·ut-hor.1 t_i·e.~ :non~- of· w.hom ha·s an:y contro·.l 
i 
ove.r th,e ·actions of the o.the·rp.. In this case, the:, :me:t·.hod: by· .w}!:1:c:h ·-th.~ 
ri' ptodµc.tiot1 problem ·can ·be scllv·ed· is .the fol1o·w1)1g:: 
'. Let ·t(s denote by Y0 ~ (Y10), that is 
~ .,,. 
·\,, 
. 
,I, 
' . 
y 
mo 
.. :,.•'., 
the initial· deman.d. ·by outside consumers. 1he.ri. in ·particular ·there is 
a· demand for y10 units of G1 . Now if .this_ amoUI1t .. is to --be produced 
... ·-~~- .. 
' ' ' 
~y s1 then s1 must consu~ne: t·he vector y1_0a 1·, where· a 1 , ~2 , 
• 't '· 
. ... . . ' 
. :r;-epresents an ·exhaustive: co1·umn part;ition· ·of the matrix A. Thu.~:r.,. 
[J r .. 
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a. 
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.. -.I 
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ha.ving receiv~'d ··an o.~der for,,y10 units of a1· t·he manager of se·ctor 
"' . one must in: ·turn· .P· Iac:e: :orders for other- goods i'n the amounts a .·y. . 1 10 · 
which represeI1:~$ t·heir _input requirements·. If we think of the vector ,: 
as the flrst roµnd of orders_, we see that in order· 'to fill these 
y 
,\ 0 
' 
··~ orders, the producers must initlat:e. a -second -roUiiE'.l. --of orders for the 
total vector. 
ni 
r:· 
i=l 
yl -
·y· = AY • 
. 1 o 
a. Y ..... 1 10· 
,,. 
· ... J34.t. ·now._, in· order: to.- ft i,.l 't_.he orde:rs Y
1 :~ (-y1.:l) , .- t°:1:t~ .producers must. 
. .... 
. ·, 
-+ 
_p1.a_ce ·a. thtrd roun:d_ .of ·or·ders· for the vec·f:or. ' ·• .·_j. 
;, -· 
m 
~ 
i=l 
a. y .. 1 1· ·1 .. 
= AY - A 2Y. 
.. 1 . O 
.• 
:4. 
.._2_··._:1· 
·e.q. 
-~nd $,t ·s.·eems .tha-t the 9-rq~::,:tng_ process. ,w-.±.1.1 ·go: .p.µ· _i.µ<:tefini tely. ·The· 
total bill. o-f- :goo:d·s o.r.dere,d wi.lJ be. t_he· -:sum o·f tho.·,se ordered ·at e.ac-h. 
stage and th:1.i:S:· ·w~ .. have the· in·f'ini.t~· s.:er:ies· o.f :orders 
Y + AY ... o · ··.:o +- :• •.•.•. 
. n 
+ y A 
. 0 + . '. .. ~ • -.e_q,. 22 
We .. ·a.,:r:e. for-ti·una.te that. th_e ma.trix: A ,po:ssesses cert·~_tn_, 'f>foperties (24) 
'~ . 
1 .. 
. . - •.. 
2 
' . 
Each a ... is n.on--nega.,tive·. 1J 
Each aij has domain O ~ aij ~ L 
.. 
3'. Matrix A is regular ... 
· . 4. Matrix A is nilpotent_:, .'i .. ~· • .-. 
'· ...... ,, 
.... 
.. 
'· 
'.;.. IJ:, ,is --t_he. ·1ast property that allows the·~·following p-roof:.: ·Giv.en -~q. 22 
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having receive·d an order: for Yio units of' ~l the 111anager of sec~or 
one must in turn .. place orders .. for ~ther ·goods in the a~~ts· a.iY i~ -· 
which represents tbe-ir inp~t r~quirements. If we think of the vector· 
--. .... 
Y . :as. the first ro:und, of qrders, we see that in order to fill these· iO· 
;?rde~·s,, the p-rodt1c·¢.r.s· must initiate ·a second round of or.ders· for ·tfte 
"' 
·Y. l 
.m 
L 
.i=l 
y·· - AY • 1 o 
a·. y .. 
_]. · 10 
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. ~:~--.-
in order to, fill the ord,:;2$ Y 
1 - (yi:l), the prodJJ,c~'rS must 
.Bu f· ·nb:W 
.... ' 
},lace 'a third round of orders for the .v~ct·ot 
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a.Y~ 1 1 1 
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eq. 21 
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:and i:t· se.ems. t~_a{· ·tl)e o.t:<iertng p::ro.ce~,-.~ on indefinitely. The 
tb't.a) .. bill o.f· go.o.ds o'rdered'. :wtll :b.e: t:h.e sUlli o:f · ·hose ordered at ·each 
Y .+·'AY 
. . 9 . O 
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+ .:~ . ·;· ·+ :y .. A ··.+ 
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.. w·e·. a:re fort:unate: that :the .ma.tri-x A :po'Efsesses/ certain prop_er.~J.es' (24) 
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we pro~.e~ed, let 
J 
W Y . YA y·A2 . + =. 0 + 0 + 0 
w 
, . 
2 . 
Y (I+ A+ A + 0 • • • 
.. 
ti.. + 
W = Y0 (I + A(I + A + · ... 
Ji9_w:, add and subtract Am to Q 
Q .,.=_ I + A(I +-A+ 
Q =I+ A(Q - Am) 
Then solve- for q 
. . --:-,.. 
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._.J_. 
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Q(I - A)= I - Am but Limit (Am) tO 
Q(I 
~.nd 
A) (I~ A)-l = I(I - A)-l 
Q - -QI= (I - A)-l 
W = Y (I - A)-l 0 
m--• ... • 
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•. 
:eq.: :2·4 
·Wh:i¢:h- m¢alis t-hat.- th¢, infinite series coIIve.~g¢s_ and. w, ts -th~ correct 
-· 
amo.unt of: ~,~c:h -,p_ro;duc:t- w.e .would. need- to m¢et- th.e_ ·orde·r to supply the 
i-nitial demand Y ..... •.. . .. . . . .o. .. . 
' . 
. 
· .... 
•. 
.. . 
. ... 
' : 
Clearly, ·then, the ir .. direct ·act.~vity is the s;um of the higher 
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·order rounds of purchases and are quantitatively calculated by using 
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III 21 SECTOR LINEAR MODEL·OF BAI.ANCED ACCOUNTS 
. . 
· Go'od discussions of ~conomic accounting 11\ay be found in Nemchinov 
- ----·· .... .__ -~- -
.... - ~--~---.--·- --~ -- ~- - ·-·- --·-- --==-==--· --- .. ·---~---------. ------··----···-···· -- ----- --
;.. 
· (46), Oparin (49),.. and Stone (58). Historically, the aca;demic interest 
in the uses o.f these "T" accounts probably stems from I.eontief in 1939 . 
. An e·xainpl~ of a· graphic approach to the Leonti.e.'f moqe·1 of balanced 
:ac,counts may be found :~p· _Solow (57) , Wong (67), and .Rosenblatt (54). 
:·• Line1lr models of balanced accounts have a special ~n:terest 
. .. 
l:f~¢ause the ac;c:0.unting framework from which they are· d.erived j_:s ··com~ 
·, 
. In defining the ec.onomy, to be .desc·ribe·d by 
~ .n·o: gove·rIJ.ment· and t:he: ~~ctors endbg_eµo~s or exogenous :are' within. t.h.:e: 
·same: firm~ Th~ ,economy. ;ma.y ·be ·d.iv .. i:ded into m = p + Q ... s¢ctqrs:. :q 
:f:in.a.1 sectors lUI11pe .. d .as on~· ·a:n·c:i. p :p.ro:du.ci:ng secto:rs· :exp·Iicit in the 
~\· 
! 
. ' ~ 
_.; -~ 
m9:4e_l. The· -o.:ytput· QJ e.·ach. :sector i-:s homqgeneolis·: aitd for· the acctotin:t:.~· 
/ 
:ing ... P'er~cJd iri ·quest.iott, :l$· exchan_g:e.d at, ~- ·const:ant :p·r'i~cf3_. Furtp.er-, 
·, 
:fo_r _any m0ne,y :flow: be1>we:en·- ·:~~ctors there. 1·s· ~ ·co;r.re.-sp.ondtng real flow. 
·; -~ .. 
Ctinsttuct a ba1an~~ s~heet ·o·r ~'T''· -acco.unt. for :e:a.c:J;i . sector of the· ·ec.ono-
.- .') . : ·:.·· ·. \ 
.. 
.(S:e.e debit-~c,r~,d.t-t· ca·1culat·ton :for a. hY:Pothet ±'c·~{t··· ;.e~t-or oµ 
. •· 
I 
·Tab.le 2 ... ): '·Such has two' ~ets. o:t·· ent.i;ies: --·rece.ipt-s and paYJilen:t;s'. · ,.' ( 
.. '· 
. .. 
. . Re9:eip.ts measure th~· :allocat-'ion of. ·real goods and services· purc·has·ed ·,. 
(~:.s. input"sj' ··by' th~ .sector on current . account. An important charac-te·r~ ,. 
I 1.-, 
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J 
istic of these accounts is that they are balanced: .. (~c~pts) = \ 
'c-
. (p·ayments) ~ We assume for~ each producer that we are provided with . 
\_, 
--
a value exogenous _to __ --the---val-ue---·o-f -the current -accounts, tlie value,_ of ------- ____ , __ -- . , 
current production for the producer. Therefore, for each producing 
.. 
sector· -(-receipts) = (payments) = (value of cu:rren·t production). "' 
·Slnce· t;he current 
balance sheet only :meas:ure prodl1.ct-.ion-. actually consumed by the economy, ,. 
,( 
the· value of current acc::ount recet,pts may v¢.·;cy ·well be differeni--rrom-· -
)Ii_ent s side • 
··-The Model 
-of balance:d ·acdotints ... 
~-
!o--t,n s.·howii ,fn T_able 2. ¢xcept that the: it}ters'ector rece.ipts ·a1:1_d $-hip-
,m~Iit:$· ·flows w.iJl be sµbdivided to match t);l._~ sector· def:i..nitio.]1S ,c:;-f· t:he, 
mo·del·,r At th·-ts po:tnt we· have the ptqblem J)f t-rans_la.ting_ ·t-lie bal_an;Ge. 
,snee-t.· ent·-ri.es .int·o, a: :t:ransaction table .. 
,· 
We __ .would b~gin b_y :def inlng_ e_ach seqt¢,:r e_lq)lic,~:e,:i,y ·in ·th~ 1119·_de.l, . . ~·. 
as--: shown in Table -3 • ._. - . ,.· ~ 
·~--~~ 
1_.: -~·.·. 
:For the· f:irst f.o·ur p_·r-ima_r·y sect()r~, .e_nte·r ·the ::;um total o.f all 
' 'th~: ·ent.ries in, _e:ach o.f ·t,h:e: ·eit~oge)1qus-: sectors in th:e main diagonal 
·1,..,r:, 
-
·ent.ry·; that is fo:r ·the a·11 -element the-entry- will be ·the· sum of the:, 
; . :·first row since· tlie .other >three J:>rimary sectors. Will h·_ave ·a null .• 
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TABLE··2··· 
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BALJ\NCE SHEET-
INPUT-OUTPUT CAI£UJ.A.TI0N FOR EXTERNAL DEMAND. 
' G- 2 Sectors 
----· 
·• 
Debit 
1.. Purchased Materials 
2. Prod. Workers' Wages (Hr.) 
3. Other Employees (Sal. & Wages) 
4. Overhead, Capital Costs, Profits, etc. 
5. Interworks Receipts 
•. 
·2 .: Ma:ci"e Plan·t 
a·::• Scrap Sales. 
4~ Inventory 'Chang~ 
Summary· 
... 
Sectors 
l M Debit 
' 
... 
.. _ .. , 
Sector~! 
23.6 
9.6 
3.5 
14.9 
.9. ~l 
.. : :.- . :•· .• 
2()..: •. •8', 
o. 0. 
8· 
-·. . 
2 . . 
·3: .. 9··.·7: 
. . '. !. -.: 
1. Materials 
· 2. Labor (1) 
23.6 37.6 
·9.6 31-.6 
., 
1. Interworks (Sales) 
3. Labor (2) · 
4. Overhead 
5. Interworks 
Purchase 
· Total ~ -· ;::> 
-internal Return 
. External Demand 
.. 
~ 
3. 5 l~. l 
.14.5 · 51.5 
9.9 ·53.8 
61.5 .. 190. 6 
·20_.8 17.9 
40. 7 172. 7· 
2 .- · Made Plant 
3. Scrap Sales 
4. Inventory 
5. Other Sbtpments 
Total 
Internal Return' 
External Demand 
• •· •••• > 
.. 
\ 
Sector M 
37.6 
31.6 
16.1 
51.5 
.$0:l.-8 
·19:0:.:s 
. . . 
-3. l 
.•. 3:' 
·-4.3 
173.6 
190.6 
Sectors 
1 M 
•'20-. 8 17., 9 
0.0 
. ;-8 
#1. .-2 
3:9: 7 
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PORTION OF 21 SECTOR TRANSACTION TABLE 
Material Labor Labor 
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:\ c:ontribut1on. The· entry along the main diagonal fo'r each of tl}.e endoge-
,., 
-
nous ·sectors.will have recorded the total as shown on the balance 
sheet. The·refore, by example, the a 21 , 21 entry is 190.6. This is a 
r 
• I 
~ 
purely mechanical presentatfon· of how to transfer balance account in·~ 
format ion into the input-output forma:t. For a more methodical, lucid 
~. -
---~---·--"·-·· • --. --. ---. : .I.. ~·' -·· ~ '•" 
description of the above·procedure see Rodgers (38, Chapter :4) ;· however, 
j 
,. ' ... ,. ' 
.. :.~·· 
,!- ' 
_,.;., 
be aware t-hat. t·h.e data in his example has b~en recorded so that the re-
' .. ...~ 
sult ing Leont_:i~f: matrix ·becomes upper triangul.ar, which i.s. :not so here. 
,. 
lf we:. no·rma-1.ize· Table ·3 with respect to total o~t.pUt for each 
~.e.¢to:r using· eq-•. 3: w._e: have the input-output coeff.ic-ients table for t~~ 
~""'.· 
:21 si'ector·· mo·ciel . 
. . . . . . . . . .. ~ 
.,, 
TABLE 4 
PORTION OF 21 SECTOR INPUT-OUTPUT COEFFICIENTS TABLE 
.,; 
/Mat-ertal 
La.·bo.r· 1 
Sector 1 
• 
./ 
• 
• 
. , 
Material 
1 ·O· 
. ' •.-·· : 
:o 
0 
Labor 
1 
:(} 
. , 
1 .. 0 
·.·o· . ' 
(),_:_ . ... . •.: '·~, ;. " . 0 
0. •. . ·-o-. .• 
.. - . . . ···-··- · .... 
0 
,: 
Labor 
2 
··o: .. 
l.O 
._·.;.:o_·; 
~ ' ' ' . 
·(). 
o· 
'fr • .,,,.,,,. . _,.,..,.. • 
.• ~ .. ;'· . . 
Over-
head 
0 
·o .. 
Sector 
1 
.. 38 
.16 
_ .Q .·06 
· ·1· -0· · · ... · - - • 24 
•• -'. 1 •• '·.·. '. 
o. 1.0·. 
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The element entries of this table represent the Leont!ef matrix 
.. ( I A) and represent a particular class of accounting transactions 
for a firm. The complete tables for· the 21 sector model for 5 
planning periods are snown in Exhibits 1 through 5. 
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IV - INPUT-OUTPUT TABLE FORECAST t 
Most practitioners· of input-output fonnulate their input-output_ 
table in an upper triang-ular format. Then they (1, 21,37) apply some 
' 
) 
modified version of the Seid-el iterative process, which is a recqrs-i..ve 
dynamic programming approacn ,. to the solution of the Leontief sy-~t_eJQ. 
~ 
This has not proven to. be .. ·, who.lly· suc.c·es_s..-f.ul.: as :w:~s: no.t.ed.· :on. PS:ge . 
o.f. the· sea re~. • 
T.hese solution methods are being_· attempted on .1a·rge m~cfro-ec911q11fi"¢. 
~:yst-ems ·where on·ly two planning p~riods of data, ten years. _:d~splace.d, 
,a·fe available .. The model being .considered here has six sequential. 
. . . 
•. 
. ' 
yearly plann;ing: -periods and a.Qdresse.s. itself to a singl_e. ftt,n. An_o:t:he·t 
·c,rucia.l diff·er·ence. is. that ·the rec.u_rs-i.ve .so.lutio11 method re.qq.-~r-~:·$. a 
:final demand: vector for ''start..;u . ,·, 
. .. . P. For the extrapolation· :of the :2·1 
r 
sector mode:l considere.d· .in t·h.:i.s ·t:hesis the final demand v·e.ctor ·w.111 
) 
remain unk~9w.n.. This,. then. n.ecessi.tat.e:d. the use of v:ar.ious- .othe-r 
table based on the htst&rib~l data available .. 
A f.lrst cu:t ro:ug;h. -~·o:ok at data was accompl_i~hed by. lQoking .at the 
• j ...... .; ••• :f- . ·. ';.. ' ..• -. _I', • ~~ ,: ... • .. • ... - I:· . .. -- ... . ' . . • . . • • • ... .. ·. ~ . . . .. . . . 
·v.·a:·ri-4·b:iltt·y· of: the· .d_a:t.a ove·r time. Means, confidence intervals, 
.'· --- .. 
\ ll;qe·ar cqrre.l~tion: ,po~f.f.i.cients were calculated to det·ermine the dis-
: ... -
-. 
'1,• 
persfon character·istics of th~ data. The results can 'b~st be exemp.li-
fied by the following analysis of variance test. 
Experim~ntal Design : .. 
A two-way·clas~ification was set up in an attempt to determine 
if .. the time blocking of the data wa·s ef:'f·ec.t-ive. Blocks were years 
·,. 
-~. 
.. ,, 
. I . 
! 
: ·,:: _. -:" -, · - . -~ .. ,.-r, J"-. ,_ . : -. , -,. ·:, ·: 
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~- $;nd: treatm_ent_s_~w_e~ ___ the economic sectors of _tJ1e. model.. ·The results 
... ' 
·o:f: the experiment showed there was no signi.f icant (. 01- lev~l) b.lock1.ng----~~~-
'"' 
- i~·ff-~ct. The sectors exhi.b~ extreme· significance·as- expectea~-----slnce -
4. • 
• soine of the sectors ar~ dominant supplier~ and recei~ers. · The data 
used .in the experiment, of course, is not independent , therefore, 
... :, ... ,._ • ., ____ ·· · ..... ,. ·'·" ... ,.c,,,.·,-·, .. ··~"· .. s·trong .... sl"at'e1iien>fs-···.ab~1it .... --the .... ~~·;~·1t·-;··· .. -~-~~:~t ..... b~ -~-~i;-:····-· --It , however, may 
..... 
-.. ~.-· ;. ---·· 
-
be concluded that the data as a whole do·e:s exhibit a static ;o_r minimal 
-. trend with tim~- ·which may be appro:x1m.~te4. ·by, a functio~a1: ·r~lat,_ip,nshi.p .. · .
., 
Coefficient Projection 
Though the method·s. w.hf.ch· c.an b.e: use.d· t;·9.,. :f.tlrt3cast clianges in coef~, 
-~ 
ficients ~re as vari.ed a$ t:h¢ t¢ .. cini'ic.al d~v,e .. lo_piµ¢.nts they reflect, to 
.•' .~ 
o_rganize an· ~p:ptoach: we: .mu-.s_t: d·t·~t,iliguish two. catego.ri.e,s whicl), for 
,; convenience,., .may be: :¢_a.Jied tec:hnical p~pje¢,t:io·ns and system.~ttc: e.~:<r·a,~ 
• polation. 
Technical .:proJe.ction ·c9nqe:t:~·s i.tse:i·t wit.h the:se: t(u~':s:t_·,tons. What 
will be the ··e,:f.f.~ct: pil :the :e·cononri'c: s,y.stem of specific .dev·eto.pment s? 
How· wil.1. ¢.ut'b·ac'ks :or special p,·roJect~T impact on eac·h -se.ctor? Do ·yoµ_ 
:\" 
-· -
:expect th·e: '~:a.t.~·: of. change to acc~.J.erate, dimini·s·h·''or s:tay about the. 
-· !. .. : - _:_·".'!': :· ,. .. . . . ._ .. _.. .. .. ,. ... ~ . . - . - . ' ·' . 
- . .·~ - -. ··~ ' -· .-.. ~·. ~ ........ ~ ·"'": .............. ~--· .. ' -
s-~nie? ,What m.ig}J:t be the ef.fect. of .. company .po-licy on i.11terplant trans-
. ,.. 
~qt-i;oils?· What product-mix adJu-stment must: be made due t.o ¢qp.per sho·rt·~ 
age? These _q~uest ions and others must be focused upon,. impacts deter-
mined and t~_en. the appropr_i.ate ~djustments should be .rn¢;rg,ed. into the 
.. 
· transaction forec.ast. 
-~ ..... · 
. . ... i ,r ~---i,' Two example_$ of gross .data. ;cha:Qg¢s: f:rom ·the tnput-<>ti~-put transact:k>n 
·~ / . 
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, 
.. -data are: :as shown below. 
TABLE 5 
1962 19'63 
-1964 1965 
Example 1 Q. 0 11 5·' ... · ..... , 0 0 
. 1 
Example 2 
.2 .3 0.27 • 4 
.1-6.3' . .. 
The 11~5· a.nd 16.3 are radical changes that are not forecast able 
by .. non-subjective means·. Therefore, informed human ?lllt_ij compensation · · 
is required. This_,: however, is a refinement that: wo\1ld require a 
--=--- . . . 
. d~eper ~owledge into ·the,. _pg.eilomenon of. th·e ~-cono.mic system· than I 
possess· and will. :be :fe·ft as a; re.,f·ineme.nt ... 
. .. 
From a tim!;ng· :Point of vieW-, t,-~_c,hn.ical _p.rp_j~ction sho~:i.c:1. ·be-
aocompli5:,hed ·before and after the· qua.n:tt·.t"a_ti~e me:the>ds :of system~tic 
extrE1.p91.at:·ion. Then, rightfully r the· f9rElc:a~t ~ethod- is left· with 
o,nly the ·engineering problem of (lliding.: t;tie trends from th~ historical 
d ··t' : _a .. ·a;. 
. -4? 
:TlJ¢ various O. R. techniques explQ.:tt·e.d. to forecast the·· t_ran$7,,.,,. 
.ac:tiop. matrix elements were: 
...... 
. 1.: 
;.1.. Mean Forecast 
"" -
- ; 1. -~ 
- • 
.... .. 
2. Linear~Regress.ion 
:a-. Orthogonal Polynomials· 
• I 
'-4,. Chebyshev Polynomial Approximations.: 
s·. Ex:;ponential Smoo-thing 
.a.. ·F:irst Order 
~-· 
'.b. · Second Order 
" 
. -
. c. Third Order 
.,.,,,-.-. . 
.. 
-.~-: 
.... 
.\ . 
., 
~; 
t 
i ; 
f. 
" ., 
,, 
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! ' 
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-·· l l J I 
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. 6. General. Weights 
7. Learning Process-: 
Foreca~t Rationale 
. •.. 
:-,, .... 
··er-.··_· ..... : ....... · .. . ····. ·
.. ·.· ... ' . 
• l ' • 
.... 
The above forecast techniques. :were. tested for applic~bility wit.ll \ ~ ' . . . 
the dat~ ______ b!._ ~=-~~~~ing. a ~~~--~-~---,-~_,! ______ !.~:.~,!}' _____ ~~~~-r~~ups •. Fifteen ,gr<:>up,s 
------ - - ---- - -
------ - ----------·- ---
. ·- .. ---..·:.-
_ ............... _- -, __ , __ ..... __ ., ---··---·-·. 
~--
- ., 
·.'1_·., 
... ' 
.. 
were chosen.· at random and five were hand p.icked because o;f. their _ab-,, 
normal characteristic:$ •. 
Rejected 'Metllods· 
Since t:her~ w~,re .only f'i:ye -p9trft:s avallabie 'f<>:r :f:i:tt,,ing·; ·a .. -s,econd 
:g~gre¢ ... :function was use·d,' to tes..t -th'~ ,qf-thogonal polyno,mial; approach,~ 
~liis ,~,~thod was rejected_ $iince: the p'a;ra:l~Q:t.i:c .. t>.ro-j·ection to the ,riext 
pl:anniiig period sometimes forecasted extreme',ly ·radical. value.~. Like-
!"' 
v/~se, ·th.e data re,jeqted higher ord~r exponentia~ smoothing_ :te,chniques. 
:when compared. wi.th the results t)~ ·:f,,:i.rst ·order exponentia,l,,smooth;ing. r, 
Ch~l>yshev d:eve,lop<3d: t.e:c.bnique,s o,f :tit:ting a line (,or· -higher-orde·r 
·"\ll:Q~lynomi_al), to a seit- .. o,t ~qi,a,y· ·9~t.a. in su,ch :a way ~s to .minimize the 
.. 
.·.,.. . 
maximum differe.n_ce., tetween. :an,y obs.Efrvatton arid the value that would 
I#. ;be forecast by the model.. ,at't,hat time, th~ is, forecast by the mini-. . I . . .. . 
' .r 
max principle. By , way o~·, compar·~s,on,. least-squa.res approximat~'6n 
)<.eeps the average square· e,r,ro·r ~~all, but in do-ing _so is:o.lated exti~eine 
.. 
errors are permitted:; Che,byshev 's ·method ke~ps the- extreme errors, 
small but ·allows a large·r average square, error. ijecause of th'e 'data 
' groups represented in Tabl~ 5 ~ it was also necessary to elini_inate the 
. , Chebyshev method· from conside,ration due to the ·model assumptions. 
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The extrapolation techniques below were the final methods used 
to -forecast the next pe-riod input~o'1tput table. ~ 
. 
Techniques 
1. Mean Projection 
2. Linear Regression 
3. Exponential Smoo_thing 
4. Exponential Smoothing 
(using a larger Alpha 
(.2 to .5) over the 
first two data points) 
' ; 
_General .Weights 
·' 
~ 
6. Learning Process· 
..... 
',· 
Measurement Criteria 
Minimum distance variatiop.: 
Minimwn sum of squares 
f Minimum sum of squares, mean start-
ing valfies with and without trend 
adjustment 
• 
Minimum sum of squares, mean start-
ing values trend adjusted. 
Measurement crfteri.a. a:t>ovEi means t-he· Jilet.hod ·us·ed ·to. control. the --~rar~·_a-
tion of the· par·t:~c1:1lar ·:tec:hn-ique :res.ults from_: thqst3. ·o'f: t:he.- :historical 
. ·, 
"-' The· first order exponential .smootl:lin.g·: _mp·del :OJ ·3_ and 4 above :c_a11 . 
:~)·,,; 
:be- fo.und in Brown ( 14, 1~) .. T:he: mode·1 :w-:as. -:uSecl ·wtth and without- trend 
,, ~dJustment.. Another var~~t:i<>Ii 'tl:ifit w~i's. employed was the use of a 
'•. 
. . " - .. -- - - . .. ~ I ...- • •s: - • - • - - - . . . . ~ ,, . ~· • • .. ~·, 't;'.. .. ... ' . '. • ,· .. ~-. ,.• ~ .. - .. ~: '·, :-.. ,. ;, _._, ..... , ... -~· . ;-: ~. . ; '"' . :· . . 
. -1 
•,.ti 
. 
. , ·dtf:ferent alpha for th·e. first two da:ta: poiJfts .. This would allow the 
... ·· 
forecast to be mor.e independent of the. ip~t:i.~J _starting values. - Then .; 
·using the remaining data points, an optimum value would be sought- for 
, . 
alpha and-. a forecast made using the· optimum alpha values •. 
Act.qa~iy, the _pasic p:t0blem is as ·shown- in Ciraph 1. 
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flVE DATA POINT~~ A DATA GROUP 
Fe E x 8 P4 
8P5 A~ 8 P3 
-:::: . .:_-, 
·, 1961 196'2: 19.63 1964 196·5 
... 
-.. - 1966 
• • 
. 
. 
Tnis represents a single,: ·set- of data from secto.r i to sector j over _.I 
.a.: five-year period. Tl}.e. :points p1 through p.5 :I"epresen_t the yearly. 
:dol.~~r flow x .... ,- f:o.,r a single sector- :Pair. The obJective is t~ fi~~ 1J 
.a set _o:f' we.i.ghts: :for each of the 'f·.iv.e potnt.s so t'I1at th~ extrEtpola~i..on 
,, "· · . .· . 1 . d .. f. . . f 44 (21 21) -F · to :t~e. :-n'(~xt p. ann1ng periq · . ·o·r e·ac·h set o 1 x : gr.a.ups, 
. . 
"'A·-·_ .. " 
. 
. 
4e:v·i.:~tes: fr.om (:the ;;i.ctqal ·s.i~th ye~r data point) by a minimum. 
That is, the meth·od us.ed· tP. measure the "best'' technique was simply 
engineering er.-ro~ ,· wh.iCh i-s:, ·of· course, independent of. the scale of 
_...,.., 
measure. '.The· sixth year d·ata. :po:i'.nts were used as the. ·b_asfs- :fo·r ·evalu·a~ 
\ t i,6n o:f_. fo:re.cast methods. 
Error -
•' ,; .. _ --1. ~ ~--.a: t ••• •! • ... . • 
.. 
E = 
. f. 
.... 
.... 
Quantttat:ive·Iy· e_ rror is 
Forecast - A\9tµa:l, 
.. Act u.a-1-- · · .· , 
F - A 
' 
.A . 
. 
•· .. 
I 
F·: -- A."' .. . 
··1. . i 
\ eq. 25 
.. A, • 
. ··1 
~ere:.. Foreca.~:t' =' ·5 · year data 
extrapolation 
'· . 
. . (' 
·· Act:ua.1 - 6th year data 
point 
,. 
. J.. . . 
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and the absolute value of the error summed' over all data points is· 
. ·----· .. 
the figure of merit for the forecast method under consideration. 
General Weight Linear Programming System 
/ 
The process of exponential smooth"ing is a system that_ is looking 
., 
fo·r a set { Wi} of weights whe-re each weight has a funct:i.onat relation~ 
-.. , -·· 
'$h1p to the other. In: the. linear programming fonnulat'Jon w.e _are look~ --
:tng for a gener~l set of tµd~pendent weights to satis-fy·· ~ll clat:a g:-roup$ 
- · ks shown in Graph 2. A -s:in:gle_ con:s.t-raint equation is as ·below . 
• ·j·. 
4 
j~ Wl/j + El Al eq. 26 
-----From Graph 2_,.. it;· Gan -be: seen that tihe .. fo-rEf¢~'s-t te.-rm ·c·an be greater 
t-han or less than t'.he actiial data p9i_I1·t'~ · There-fcire., the variable 
f-irst orthont .. Fo1·-t-~-~:tely, it. ts ·pp~stb·le to :co·nye,rt a probl~fu in-
-vo1ving variables unconstr:a.ine.d in., sig:p intci an equiva_lent··p.ro·bt~m 
i:nvolving only non-negative v.ar·i'ab1.es_. 
A variable -unconstrained in .$·ign can ·a~wa:y:s, b_e. expres~d. a·s the. 
' . 
!'. d'iff erence of two non'.""'negati ve· variables. Thus·, gfven that 13· ·~ '(l •. -
-
. ' 
·and D ~ 0, then. E can be expressed as E =. B - 0 'by; iett·ing B : :~; 
~~ l(. t:111 D = O when :E ~ 0 and letting· D = -J, ~B .:... :o when X. ~ O. Therefo.-re, 
• 
·w~: :_m.ay .replace each uncon-stra.tne_d· variable itl the model J1y ·1;:·he: differ-
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, ,.: .. _.'.' _· ___ __ence of two no11-negative variables. -Since the simplex method only / 
', 
_.-,~·""· examines basic feasible ·Solutions.(extreme points on the convex , 
• 
.-r 
• hull), it will always have at least one of these .two non-negative _ .. ------~-·-- -· 
.. 
variables equal to zero. 
.. 
. 
---A typical constraint will now be: 
and 
.,-,· 
•• 
.. 
·.~q ..• : .. 2:7· 
wij 2 ·o, A1 ~- o_,. 
Pj 2 O, D1 ~ O, 
I, 
eq •. 25.,: ·tl,le figure of :.me-:ri:t :for the other forecast tnethod·s. It will 
. 
'• 
.-.~\-.. . -- ·-·~-··-. -
0 
bt~: not iced tI:ia:t. tll·e: $imp.lex guarantees B or D equals ze.ro, therefore, 
the obj0ctive fun~tiort_iS only ~ - _1/Aj (Bj + Dj), that iS'the ab~ 
·so.lute value is taken . care of automatically. ~ 
~ 
A truncated look at tl}.e total fonnulation .. '-'i-s.: 
SIMPLEX TABLEAU 
0 0 0 0 .2 .2 
.4 
Basis ?o Wl W2 W3 w· 4 .. Bl D{. B· ,. 2 
B .~ 5 .0: ~.2 4.0 3.. 5 .4:6 l ·;...l t>· .. 1 
~ 0 ••• 0 
1'5. 0 l 
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} ·' ·-· 
• 
.o. O··. . . d •. 4!: • . 1 O
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o· 
M 1 
1 1. l ....... l 'l ·o ·~ 0 - . ), 0: •• .. .. ·~.o 
3.3 3 •. 3· 
·n441 
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-. o.r more completely 
1 
.. · 
., ~ .... I 
Minimize 0iit B~k+2) + D2k+5 Q • 
eq. 28 
Subject·· to: 
II 
. 4 
. .....-
Constraint 1 L W J pij + O ik B2(~+2) ,.- D2k+S =Ai,~, i=l, .• :441 ;=l . 
. ..... ··-···· ......... -..... ~~-·~·'"'' ... .,,..,, ..... ~.-........... ~-·-····~-.... : ........................ ·;• .. _,,;, ... ,;,-·.i~ .. - .. :..:.:: ....... -~- ... -· .... ,i··· -:~: ..•• r,;;1,---.--· ---------.- ···-··------ --- ... ,,.,,---········ ............ - ............ - ,--~-- ........ - -···· 
Constraint 2 
and 
--''""··-~ 
4 
L j=l 
a -ik 
. 
w. = l· J 
1 , if i :::: -:k.· 
o; if i -#: ·k 
f . s:::: . . 
' 
'· 
' . 
Kronecker · 
Delta 
~-
The last constraint equation· is the sum of the weights are- equal to 
~ 
one, al)q ·the:·refor~_, the forecast_ (F~) by thi$ methock may be ca11·ed ':~n 
.. 
-
.av~rag.e (14, pg._ 47) and may tie accomplisheq. py ·uE>-ing :the soJµtlo_n _se.t 
.. 
q_:£:-. W-'$: in ·the below matrix relationshfp . ,-,'!-
[FG]441,1 = [ D 1H,4 [ w] 4,1 
whe:re: D is· a four year data matrix wh<;>s¢ ~.colunui:s :are the :foti~ 
data years {\962 1965) 
.. 
• Weight Learning Process 
It is tae objective of this sect1.on to amplify the gene~al weight-
i~g metho·d by f~nding a set ··of stationary weights {wk\ which can be 
. e derived from the following learning process, . 
:_J . 
1. 
2 . 
One of a Set of 441 Groups of Equations 
·' 
W1P1 = P2 
W2P1·+ W1P2 = P3 
W3P1 + W2P2 + ·W1P3 = P4 . 
W4J:l1 + W3P2 + W2~3 + WlP4 = P5 
5 •. w5 P1 + w4P2 ... + .w3_P3 + W2 P4 + W1P5 = P6 ( 
. 4 • 
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.. 
' The equation<set· above is only the r~present~t#ion of a Sil).g_le data ;> }, . ' 
group; -there are 441 such groups of five equations. 
"·· . ) 
·.l. 
-'" 
· This problem can also be stnictured as·: a ~linear· programllling prob-
'i; 
lem using t~e same objective function and e,rror tenn as diSJ>layed · in 
... 
~- the last ·section. .However, constraint 2 has been ~ismissed since we 
are looking for a. trend in· the value of the weights. The complete -·- ___ -....__. -- ---·-· - - - . . 
. -li·near programming problem structure can- be· succinctly written as 
·1;>e1ow: ·· 
Minimize 
-~ 
St1bject to: 
441 
L 
l=l 
.6 
L 
1 
A. 1 
n-1 
' :.: 
t, ik B2(k+2) + D2k+5 
eq·· .... 
·,.,. '\ 
3 .. 1 
P. n=2 
E j=l l. 'n 
Again t, ik is the Kronecker Delta 
The solution to th~ above system ts·· ·$hown in· the Table 6 
TABLE 6 
Year-5 Year-4 Year-3 Year-2 Year--i 
. k W5· . W4 w, 
.3 W2 W1 Wik. 
1 X X x:. 
·.x .99982 .99982 
;., ::: 
2 X x_ X 0 d2(l()~.' .. 1.00251 1.02254 
3 :_X x. • 02290 o .• ·o . 1 .• 0:0000 1.0~.2~0 
I} 
~ ·~; 0·~·10 o.o .04.348 
.1.,01484: 1.05832 
5 o.·o. O·.O .04081 o.o I .o·e13· I: 
.1.10711 
~ 
,Wt o.·o .. 
.o .•. o .03894 .02799 1.0555 
--
-l. --
.... p / 
.437 .·103 
.866 -
;_, 
·.--· 
·_,./ 
· .. 
• 
' ••• '. • • ~ .. 1 
. . 
.(IL 
. " 
1 ·'··· 
'• 
! 
I 
I j 
11 
-", I ; 
•; 
:'1 
., 
..•... 
... 
-
~ ·.• 
---
, 
• 32 . 
-
.\ 
-~ 
/ 
/ 
-.I 
·'· . 
. /I/ 
/;' . 
-• - . where·: W* is a ·simple linear regression· anilysis on the data i 
. - . -; . 
avai-lable in each col_ umn,. and P is the coefficient • 
. (' 
Wik = Wk. is a measure of the expanding economic system • 
.. 
Two ~thods, (linear regres~ion ·and mean forecast) were u~ed for the 
-."!fl" 
1966 forecast of Table 7. Only the weights for k = l, 2, 3 and 4, 
"' 
(Table ~):·'·will be· required for the f igu:te,-, of merit .calculation. 
--~· 
The· .. se,t. -- . . .• WJ = can then be emp.loyed to forecast 'the ·n:ex-t; plap.n_ill_g 
p_(f~~io·d· (F7::): ·by ·post multiplying in. the matrix equation 
; [ F 7 ] 441, 1 - [ D ] 441, 5 [ w*] 5, 1 eq_. 32' 
w.herre: . D is ·a five-year data matrix whose co.Jµrtms· a:re. the .flve ··: 
;w~ights o .. f T:able: 6= ... , 
" . 
a ·bett·er ,~1td b~tt.-~i approximation fo--x· .the. weight set ,n~·~d~,d. :tor equa-
tion 32. ,.-... : •.. 
. ,··-.. • 
, 
........... Alternate lest. f.or tp.¢- aest_ Forecasted Matrix 
. ' ·. ,.. -
. Th~: ~e=$t foreca_st ma~~.}x_ Gan be.i.~solved for·_. the-.. total. output for· . . ... ... .. . . . .. ' 
.. 
. / 
each sector by forecasting the elements: {s·ee Table 2) necessary for 
• 
·'. I 
the calculation of. external dem~nd:.•. ·Th¢.J.:i a linear progrannning inv~r-i: 
\. J 
sion technique or Cramer's Rule ·may be employed. to solve the fore-
. '~. casted syst~m ·for total output. A comparison can then be made with .. 
. ~ 
~ 
respect -to the actual _-total output. 
'lit· 
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V - RESULTS CO:ICLUSIONS ·AND RECOMMENDATIONS .. --····· , __ 
One ·of the difficult tasks when working with e-conomic data and 
.. ' 
·· the input-output technique is that of 'forecasting the data matrix 
to the next planning period. In this ,thesis seve_n existing tedh-
niques were tested and two orig~nal linear programming techniques 
-were deve-loped. The.results of each forecast technique are shown. 
in- -the Table 7 below: • 
TABLE 7 . 
RESULTS OF FORECAST METHODS 
Method 
1. Mean Forecast-
2. Regression Forecast 
3 .. Ftrs-t Order·Exponential Smoothi,;ng 
-4.·. Exponential Smoothing, trend· a:dj us:teq 
5. 
6. 
7. 
·:..:.---. 
Exponential Smoothing, tre·nd adjuste-a·· .-(panic alph~ = .25) 
Exponential Smoothing, trend adjusted {panic alpha-= .3) 
Exponential Smoothing, trend adjusted (panic alpha= .5) 
Fig"Ure of Merit 
46.44 
33.34 
) 
c/ 
86.6i5 
:8·4.-99 
) 
• 
/·. 
..: 
. .. : . 
. ... ... ~- ,• -
· s: -· General Weights 
9. Learning Process 
a. Regression Projection 
·b. Mean Pr~jection 
. ··v'" 
30.98 
33.60 
31.·3_~-
.. 
I ' 
·' r . 
The figure· of merit in '(:he above table i:s b·as.ed ·on the sum of :, 
.. 
the projected error· for each trans.action ·q.pe:f:ficient in the f.ore-
casted input-output matrix based on eq-. 2-s. Therefore, the lower 
• .... ..,_ .. ;• 
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. 
'\ 
the figure of merit, the lower. the forecast error, and the better 
~he extrapolation method. : 
I 
' 
.-:t ' 
It can Me seen from the above table :that tb~ exponential smoothing 
models failed· badly in thi-s application. Only one· model, first order 
exponential smoothing, ·trend adjusted, was able to gain a figure of· 
,, 
' . r~ 
·' 
. ~ 
merit lower than th~ most ·riai ve method, me~n p:I9o_j_~~ .. !=.~.91.1:.• ....... A.~. JL.~fyx.~ - . ·. -· .. _ ... ,, ......... .,, ..... -• ,_._,.,, ......... ,.,.:,, , ................. '" -~ ,., __ ,, .. -·. •-'•' . - - ·-. '-----·-. ' -- ···------ ---- ---- .... ___ ..... 
- . . 
-ther comparison, three histograms . of tlie error ( eq. 2 5) a.re shown in 
• 
Exhibits 14_ throug~ 17 · for the four methods that yielded a b.et.ter 
figure o.f mert·t than 46. 44. Notice that .e~¢h of t.he four di·st'ri---
·pu_t:ions. r·evea:ls the abnormality of the a·ata:· p.o:Lnts displayed 1_11. 
'table .. -5. ·Thus,. ·t_p.is is supportf ng evld·ence that the histori.c·al 
··, .... i lnput .;..<:>µ t-pu:t. trans act ~on data ma_tr:i_?(. -~h.ould undergo s·ub ject i-:ve· a:at a 
compensat~.on :a.$ des.cr:ibed on page· 24 .,_ since each techniq.ue: ·was unable 
'to. f.ol'·e.ca:st these data point:s· .ai1y-way. If these ex-t.reme explainable 
.. 
:dat:a points were remove.cl ,fr.om· the transactions ma.tr~~' "Chebyshev' s 
t.e.chn.i_q·,ue: would become a feasible extrapolation. method_:• 
1.· •. : 
... ..;, . ~ 
· 'The results Qf this study lead to the ft,llowing s_tjtem~nts: 
:The·. input.~01.1t.p1it model developed in this thesis is appro-
:pr::ra·te: fo! -~P .. t~l- :sit·µ_ds_,.of . an. economic. system •... It provides a tech-
ndtqu.e :.f9r measuring t.he movement of piece part dollars within 
a·nd throughout the firm. 
II-
:'rile input-output technique is useful in analyzing the dire·ct :aJ~.d 
iµqj..rect .Piece part allocation, within "the f :i,rm. 'rbi.s· ·techntqu_e· .. ,. 
. . 
, t • 
·all:o\\'S a manager or industrial ·engtneer to obse_r.ve· the t·rue· ., 
·-
lnd.i.rect effects of an~, ail9cati.o.n • 
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.3. The. dev~loped ~odel displays the ,sector multiplier effects of 
the various types of eco.nomic activity and ~ach activity's ' ~ 
I • 
'··· , ... '. '• 
' 
. impact on other endo·genous sectors of the model. The ref ore, each 
su~ctor is effectively rank ordered according -to its OVID relative . 
.!1-.,'· importance in the economic·· sy~t.·em. 
- 4 •. ·In satis-fying the U. s. Government requirements for th~ A;nnual 
Survey of Manufacturers, - 300,000 companies have the data in the 
... 
• 
• 
format for the economic model develope·d here~ Each- of these 
" 
c.ompanies cquld. ·r.eview the techniques ·and- methods ·developed 
" 
-. 
'her.a· .for their us_e:--~ 
. . . . .. ' 
·-5.:. · ·The Simplex Method is. a use·f.ul. method. :fo~ i.n:vertl.ng.: the l.,eontief • 
type system yielding in the f.tnal tE.t::l~_l.:_Efati: · 1.- tot·a_l, otitput 
solution, 2. sector mult:fpliers; ·3:•· :'f:fitercJepefndenCJ! COE:!·f-!i~ients,., 
~--
-and 4. shadow cost sensitivity indi.cation. ThJs :method i~ u$e-
' ful for economic ~ystems with up to ~,.QOO endogenous sect,9rs; 
when using for instance the MPS sys~em_ .pn th.e IBM - 360/-50 QS: 
system. The matrix- inversion routines on ·the above syst:em ·w:i'.}.1 
,_ .. -Ori:ly: ·handle .a: 16;!1: >x .165 :array (double precision). 
The model considered· here has data for six, sequential yearly 
' • - ,.. ii• .• 
. 
:planning periods and addresses itself. to a s_ingle· firm. The 
:r,.eij_ui ts. must' ~here-fore' be focused upon with this in mind. 
Table 7 "Results of F.orecast Methods,•• ~·eveals t·hat the gener·--
~lized weighting forecast method is the b~sf and is valid for:. 
,· the piece part al~,ocation model of this thesis'. The learning 
process and linear regression 
for the comp~ris-j'lof Table 7, 
.. /·' 
• 
method are also. strong competitors 
{ 
. I, 
,, 
? 
i 
\ 
' ' 
... 
.. I . ,·. 
. -
·,;,·· 
• 
·a· . 
. '. 
.. 
. / T -- I 
>' 
.. 
·-
":·: 
. i'; m r I 
.. 
, I ·"' 
' 
I · ... 
. - • ', ¥, 
... 
' .... . . 
. -· 
:.:~ . 
·., 
·\ 
·_, ... ·' -~ 
J: i -:.:~ ~-
... ,.;,,..• 
I 
' .. 
7·. 
"' 
:•· 
·- ,_,. •. 
" ,, '36 
' 
~. . . 
.,.,.._., 
~ 
~ T~e -we-ight learning proc·ess exhibits .three interesting proper-
ties, 
.. 
a. Only a three year history may be necessary ·to maintairt a 
forecast system (a computational advantage). 
. . 
. b. There is a strictly increasing· expansion trend as ·exempli-
• 
'I,n -1966 the total reached a h~gh of 1.107.· · 
. /· 
.. f 
.c. The weight for the year before the· forecast year (Table 6P, 
:year -1 or w1) is .n.ea~ly unity. Th1s · means that last year'.s 
d:a.t.a .is heavily weighted for the determin,at.ion of next yea.r'·s 
forecast. 
Reco.mmendations 
,•·. 1. Maintain the C!)n·t.-i.ntt'j.'ty· of Tab:Le. 6 by add'ing ,~r~c'l.i ·f.uture ·.ye~(r' s 
r>'i.: contr:i..butlon to the ~earning pro~~s:s:. 
2. ,A ·fa_irly: good approximation: to· next year··'·:-s d·ata is 1.042 (the 
~xp~·c·ted value of Wik. i~n: Table 6) times last year's dat'a if· a 
I 
·noh~(l·.u:anJ::1ta.t.i.v.e_ fQ.recast is required. This would have yielded 
~· 
~ a f i.gu!e ·pf merit for 19 66 of 32. 86 • 
. -3·.. :.s:t'udy ·the· information· value gained b·y the· lmowledge of- ind·irect · · ·. . \ 
allo.c~tions. For .e'.?(ample, the .sector multipliers shc;,w a con-
trary view o.f· .w·hich, secto~s are dominant s.uppl:,ier:s E;1nd receivers 
when compar~.d. ··t..o the indications of the dtrect tr·ansf er al_loca-
tions. 
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f4 
ii l:1 
;.:.-l 
1.'.I, 
-. I t~' ·. ....,_, 
n 
~:I •, 
single of the 1961 21 21 (I-A) technical coefficients matrix 
Each two rows of the below is a row X 
<t· 
;ii 
3-~ 
't .... 
-;~ i\ 
. 
\ 
'1 
" 1,00000 0 •. 00000 0.00000 0.00000 -0.19187 -0.19727 -Oel6SOO -0.18292 -01. 31135 -0.17586 ... 
:8 ~ ~o .1 ~ 325.. -o.i3793 -0.09415 -0.20756 -0.2470-+ -0.39110 -0~59801 -o.69836 -o.243SO -0.6097-2 -0.38373 ?;i .. 0.00000- 1.00000 0.00000 0.00000 -0.19922 -0.16579 -0.23613 -o.19512 -0.23809 
-0.22011 
ll 
. .\', 
~-
-o.1s126 -o.19109 -0.14610 -o.21611 -0,23076 -0,13592 -0.09429 -0,0679.3 
-0.06611 -0.09841 -o.lf>609 
- :""! 
ii~ 
..... 
1.00000 
-o.oal+47 
J~ ! ~ 
-~ 0.00000 0.00000 o.uoooo 
-0.16131 
-0.12375 -0.14329 -0.22344 -o.17650 
~:f 
' 
·r·: 
. ~1 
-0.01322 -0.12500 -0.07792 -0.07b3l -0.09763 -0.19706 -0.0:>707 -o.029a9 . -0.03305 
-0.04638 -o.o~o9l 
:1 
t~ 0.00000 0.00000 0.00000 1.00000 -0.26150 -0.21019 -0.42532 -0.06097 -0.22110 
-0.28331 .r-1 -0.36254 -o.2~436 -0.22889 -0.27389 -o.3~692 -0.16321 
-0.24069 -C,19701 -o .• 29545 -0,23981 
~,24227 
-:'.1r 
\1 ' 0,00000 0.00000 0,00000 0.00000 1.00:,00 -0,05928 
-0.00284 -0,09756 0.00000 -0.01452 
n 
~., 
<). i -O.Q2400 -o.0011e -o.ooa11 -0,02853 -0.00887 -0.00454 0.00000 0.00000 CJ• 00000 O.OCJOO ·-o.ooooc I ._.1; 0.00000 0.00000 0.00000 0.00000 -0.01547 1.00000 -0.00111 -0.17073 0.00000 -0.01226 -o.01oao -or.e.1oos -0.01785 -0.00011 -0.00147 -0,00555 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o.doooo 0.00000 0.00000 -0.02437 -0.09496 1.00000 -0,05487 0.00000 -O.Ql484 & -0.00960 ·-6 ,-02155 -0.01136 -0.02211 0,00000 
-0.01263 0.00000 a.00000 0.00000 0.00000 0.00000. '. 0.00000 0.00000 0.00000 - 0,00000 
-o.003a6 -o·. o 16 26 -0.02275 1.00000 0,00000 -o.00258 
--~·; . 
-0.00120 o.poooo 0.00000 
-.0.01069 0.00000 -o.00252 0.00000 0.00000 0.00000 0.00000 0.00000 
rt 0,00000 0.00000 o.ooooG 0.00000 0.00000 0.00000 -o.012so 0.00000 1.00000 0.00000 
C 
E-4 0.00000 0.00000 0.00000 0.00000 0.00000 -0,07731 0,00000 0,00000 0.00000 0.00000 0.00000 
.. 
.... 0.00000· 0.00000 0.00000 0.00000 -0.09013 -0.07712 -0,00284 -0,03658 0.00000 1.00000 
C:Q 
-0.11044 -0.14224 -0.23S3'8 
-o.os13s -0.04289 -q. 00656 ·o. 00000 0.00000 -0.00619 0.00000 -0.00-162 
.... 
~ 0.00000 0.00000 0,00000 0.00000 -0,00967 -o:.00891 0,00000 0.00000 0.00000 -0.02581 'I ~-CW) 1.00000 -0.01293 -0.06493 0.00000 -0.00147 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 l q.00000 0.00000 -0.02121 -0.00052 0,00000 0.00000 0.00000 -0.02646 -0.01440 1.00000 -0.09090 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 o. ooi>oo 0.00000 0.00000 -0.00116 -0.00052 0 •. 00000 0.00000 0.00000 -0.02355 -0.07202 -0.04597 1.00000 0.00000 0,0000·0 0,00000 0.00000 0.00000 0.00000· 0.00000 0.00000 
• 
0.00000 0.00000 0.00000 0.00000 -0.00038 -0.00052 0.00000 0.00000 0.00000 
-0.00004 
,, 0.00000 0.00000 0.00000 l,00000 o.oooou 
-0.00303 0.00000 0.00000 0.00000 ,0 .0000.0 0.00000 0.000,00 0.00000 0.00000 0.00000 -0.00696 -0.01304 0.00000 0.00000 0.00000 -0.00645 -.o. 00480 -o.ooa62 -0,00162 -0.06562 1.00000 -0.00050 0.00000 0.00000 0.00000 -0.00113 -o.oo.325 
-
0.00000 0.00000 
-0.00142 
., 
0.00000 0.00000 
-o.~0386 0.00000 
-0.05182 0.00000 . -0.00322 •0,00480 -Oa00l43 0.00000 •0,00213 0.00000 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 
-~-=--
0,,00000 0.,00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0.00000 0.00000 
_, 
' 
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 
-0.00135 0, 00.000 0.00000 0.00000 ,. • 0.00000 0000000 o.ooopo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ·/ 0.00000 OeOOOOO 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 \. -0.34504 
-0.00226 -0.15609 
'' 
,.~· 0.00000 0.00000 0.00000 0.00000 0.00000 0~00000 0.00000 0.00000 0.00000 0.00000 
·-
-0.00240 -0000287 -0.00162 0.00000 0.00000 0.00000 0.00000 
-0.00135 1.00000 0,00000 0.00000 
... 
0.00000 OeOOOOO 0.00000 0,00000 
-o.0003e 0.00000 0.00000 0.00000 0.00000 0.00000 
I • 
' .0.00000 0000000 o.ooopo 0.00000 -0.03994 0.00000 ·-0.00248 -0.00211 -0.00413 1.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -o.ooes1 -0.01049 0.00000 -0.00609 0.00000 -0.01323 -0.01920 -o .028.73 -Oe021JO -0.04493 -o-.002vs 0.00000 -0.00744 
-0.00135 -0.00619 -0.00226 ·l,OOOOQ 
,, ., 
'; 
! 
{ 
i~· 
'!, ·'" 
. •' 
_.,. 
I. 
-~ 
) 
._ ·,. ~ ~' -.. , . : 
' ·• : ·• 11~-·. 
. i 
, . ~ 
.. , ,. 
.. 
.. 
.. 
':-
• 
Each two rows of the below is a ·single row. of the 196:a 21 X 21 (I-A) technical coefficients matrix. 
'I' 
• 
• 1.00000 0.00000 0.00000 0.00000 -0.11119 -0.21101 -0.1934S -0.22610 -0.22140 -0.21253. 
·-0.15925 -0.1,020 ·-0.20365 -0.20101 -0.27672 -0.39912 -o.&0142 -o.101s1 -0.22884 -0.76S76 -0.36761+ 0.00000 1000000 0.00000 o·eooooo -Oel94S6 -Oel9746 -0.20&84 -o.21428 -0.20~68 -0.20331 
.· ·-0.17901 c::a0o2067l 
-0016318 -0021116 -0.22840 -0013798 -Oo09Bl4 -0.06413 -0006923 -0012226 -Oel6176 
•: 0.00000 0000000 loOOOOO 0000000 •0016847 =0009417 -0013513 -0009937 -0022140 =0016646 
-0.01901 =0013049 -0007441 -0006658 -0010102 -Ool6!62 -0005570 -0002406 -0003076 =0005791 =0005441 . I i J 0.00000 0000000 0000000 !000000 =0028913 =Ool4430 -0034281 -0002173 -0024723 -Oo27!49 ·1 
-Oe2555S =Ool034,6 -Ool7493 =0031578 -0029868 -Ool97gl -0023607 -0020026 -0.311S3 =0003861 c:>0024558 
i 
::-1 0.00000 0000000, 0 0 00000 0000000 loOOOOO -0006025 -0000142 -o.oa695 0.00000 c::,OoOlS66 
-~ 
-0.02116 s0o00775 =Oo0!436 =0002282 =0000439 =0000109 0000000 0.00000 0.00000 0000000 0.00000 ' .~ o.ooQoo 0000000 0000000 0.00000 =0001485 loOOOOO -0000142 -o.19875 0.00000 -OoOle73 
·.;.o.Ol .234 c:t0o0142A -=O 001697 -o.ooJoo -0000146 .... 0001154 0000000 0.00000 0.00000 0000000 0.00000 .,. .; 0.00000 0000000 0000000- 0.00000 -0002318 -0009367 1.00000 -o.oss90 -0.0258'3 =0001904 
.-. 
-0.00997 -0002067 -0001044 -0.01648 0000000 =0001319 0.00000 0000000 0.00000 OeOOOOO 0.00000 ~- 0.00000 0000000 0000000 0.00000 -a o 00615 =OcOl 772 -0.01564 loOOOOO 0.00000 -Oe00399 \-5- N -0.00493 ·-0000258 -0000391 -Oc,01331 0000000 =0000164 OGIOOOOO 0000000 0.00000• 0.00000 0.00000 
E-t . 0.00000 0000000 OaOOOOO OoOOOCO =0000181 =0000303 -0001564 0(!)00000 1.00000 -0.00399 
-o.ooi21 c:>0o0142i 
-Oo00!30 -0000063 0000000 =0006377 0000000 OeOOOOO 0.00000 0.00000 0.00000 .. .... co 
'"' 
0.00000 0000000 0000000 0000000 -0007862 =0e07189 -0002560 -0004813 -0.01845 1000000 M .... 
-0.12962 ~0013624 -Ool~7Sl =O o 0462Ci:I c:,Oc05270 
-0000879 0000000 0.00000 0.00000 -Oo00128 -0.00147 ' a f 0.00000 0000000 0000000 0000000 c:i0o014J.3 -0000050 0.00000 -0.,00155 0.00000 c:a() D Q l 8 7 3 t 1, 1.00000 c0o01033 =0007049 0000000 0000000 0000000 . Oal>OOOO 0000000 0.-00000 OoQOOOO 0000000 :1. 0.00000 0000000 0 8 00000 0000000 c:z0o01485 -oC!)oooso 0.00000 0000000 0.00000 c:,() -o O 18 7 3 :..: p~ 
-o.0112s 1000000 -Oo0.9268 =0000063 0000000 OeOOOOO 0.00000 0000000 0.00000 O,oQOOOO 0.00000 d i< 0.00000 0000000 0000000 0000000 
-0000108 .... 0000759 0.00000 -0000931 0.00000 , =0n02088 "i°!' 
-0.09A3S C>Oo0723S loOOOOO 0000000 OeOOOOO =0000054 0.00000 0000000 0.00000 0000000 0.00000 
.. ( 
'..r· 
. 0.00000 OoODQOO 0 8 00000 0000000 -OoOOll.Q.4 
-0000151 0.00000 0000000 0.00000 c::10000061 It 0.00000 0000000 0000000 loOOOOO 0000000 =OoOOlfa'+ 0.00000 0000000 0.00000 o ,Doooo·o . 0.00000 0.00000 0000000 0000000 0000000 c0o006A5 
-0000101 0.00000 OeOOOOO 0.00900 -0,100491 ,_ 
.. 
-0.00~93 =0000775 -000026! =0o0S897 loOOOOO -0000054 0.00000 0.00000 0.00000 -011101287 -0.004'+1 -- 0.00000 0000000 0000000 0000000 -Oe00144 -0001620 0.00000 -0.03260 o.onooo 
-OG00491 I~ . . . ·~ 
-0.00246 =0000129 0000000 -0000317 0.00000 loOOOOO 0.00000 0.00000 0.00000 0(1100000 0.00000 ,-,-. 0.00000 0000000 0000000 0000000 0.00000 0000000 ·0.00000 0.00000 0.00000 0()90000 ,· 0.00000 0000000 OoQOOOO 0000000 0.00000 0000000 1.00000 -0.00130 0.00000 -o () 0 0 12 8 0.00000 
., 
0.00000 0000000 0000000 0000000 0.00000 OaOOOOO 0.00000 0.00000 0.00000 =Oo,00337 0.00000 0000000 0000000 0000000 0.00000 0000000 0.00000 1000000 -0.34423 0()00000 -0.16470 0.00000 0000000 0000000 0000000 0.00000 0000000 0.00000 0000000 0000000 -o () Q 006,l i ·-0.00370 =0000258 -0000261 0000000 0.00000 0000000 0.00000 0000000 . loOOOOO 0()00000,~- 0.00000 ff 
• 0.00000 0000000 0000000· 0000000 
-O.Q0036 -0000050 0.00000 0000000 Ooogooo 0000000 j. · 0.00000 0000000 0.00000 0.00000 -0.03513 0000000 --0.00265 -0.00261 -0.00769 1.00000 0.00000 -~·- " 0.00000 .0.00000 0.00000 0.00000 -0.00579 -o.ooa6o 0.00000 -0.001+65 0.00000 -0.01197 f 
~~--
~o.oa222 -0.02713 -0.02088 -0.03931 -0.00146 -0.00054 0.00000 -0.00~~3 -0.001~9 0.00000 1.00000-";I~ :{:. 
::i': 
~~: 
.;;. 
S·: . 
·;;-
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.":.f:-· 
·}:: 
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Each two 
,. 1.00000 
·' '-0,14617 
0.00000 
-Oel70S3 
0 •. 00000 
•0,07424 
·-- 0.00000 ·:,-' . 
-o.33294 
:,, 0.00000 
.-0.01856 
_,, OaQOOOO 
-o.OlA60 
0.00000 
-0.00920 
0.00000 
-o.oosao 
('f) 0.00000 
E-t -0.002:>2 0.00000 en .... ' c:il 
-o.101ae Cf) t-1 0.,00000 a 1.-00000 - 0.00000 
-0.01624 
0.00000 
-o.0·7656 
0.00000 
·0.00000 
, 0.00000 \ 
-0.00348 
0.00000 
. 1 · 
-0.00!16 
0.00000 
0.00000 
0.0000·0 
.. 0.00000 
0.00000 
-0.00580 
0.00000 
0.00000 ,; 
0.00000. 
-0.01740 
,• _, 
I·. 
.. 
rows· o:f 
0,00000 
-o.13615 
J.000000 
=OoJ.9450 
0000000 
o0o!OS26 
0000000 
=0027116 
0000000 
=OoOOS72 
0000000 
=0001144 
0000000 
0 0o04l~S 
0000000 
00000457 
OsOOOOO 
a0o02631 
0000000 
=Ool0411 
0000000 
m0o00915 
0000000 
1000000 
0000000 
0 0005949 
0000000 
OeOOOOO 
0000000 
=0000800 
0"()00000 
=Oo00li!i4 
0000000 
0000000 
0000000 
Oo oooo·O 
OeOOOOO 
-000022& 
0.00000 
0.00000 
0.00000 
-0.01945 
i 
i 
! 
\ 
!. 
I 
.. ; 
. ' 
I 
I 
- I 
\' 
' I • 
. ' 
the balow· is ·a single row 
0.00000 ,0.00000 •0.23107 
-0.09147 -0.21074 -0.28613 
0 GOOOOO· 0.00000 -o.237g5 
-0016666 -0022819 c,Oo.24336 laOOOOO 0000000 -OoA18Q2 00007268 c:,0007745 c0ol0324 0000000 loOOOOO -0023406 
-0031704 -0028122 co0o256'63 0000000 0000000 1000000 
c:,,0001253 =0o0l9S3 -0000442 
0000000 0000000 =0001444 
=0001629 -=0000348 -0000147 
. 0 000000 OeOOOOO -0002639 
=Oo01A27 =0001674 0000000 
0000000 0000000 -=0001195 
=0000751 -011101325 0000000 0000000 0000000 -0000498 0.00000 ~0000069 0000000 0.00000 0000000 =0007918 
-Oe09S99 -o(,)04e1s =Oo053Q9 0.00000 OoOOOOQ c:a0a016~3 
-0.06892 0000000 OoOOOQO 0.00000 OsOOOOO =0000697 
-Oel0651 0000000 OoOOOQO 0.00000 0000000 =Oo@004~ 
1.00000 --Oo00~18 0000000 0.00000 0000000 =0000448 
-0000375 loOOOOO =OaOOJ.47 0000000 0000000 00000846 
-Oo002SO =0005582 loOOOOO 0000000 0000000 
-0000049 
0 000000 ' =0000488 =0000147 
0 oOOOOOl 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0.00000 0000000 0000000 0.00000 0000000 0000000 -Oe00049 
-0000250 0000000 OeOOOOO 0.00000 0.00000 OaOOOOO 
0.00000 o·.ooo·oo •0.03982 0.00000 0.00000 -o.00448 
-0.02130 -0.03558 -o.ooae4 
·, 
.-. , ± 
.:: .. 
1-
• 
fa',. 
of the 1963 21 X 21 (I-A) technical coefficients matrix. 
•Oe21425 
-0.31616 
-0.17788 
-0014979 
-Oo087f>6 
.... Q O 15689 
.... 0026830 
-Oo.23505 
-0.04127 
-0.00355 
1.00000 
-0.05210 
-011109385 
-0002486 
-0001425 
=0 o 006S 1 
=0002113 
-0003137 
=0005208 
-o o O l 8t3 5 
=O o OOJ. 9 6 
"-v 
=0000059 
-0000098 
=0000059 
-0000540 
cn0o00236 
=0000049 
-0000059 
-0000049 
-OCD00059 
-0001572 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
-0.00393· 
-o.ooos9 
-0.19551 
-o.53161 
-0026282 
-Osl0538' 
=o o 15 544 
-Oe05854 
-Oe32051. 
-0029742 
-0.00160 
-0.00234 
-0.00160 
0.00000 
1.00000 
0 •. 00000 
1-0. 01923 
0.00000 
-0000641 
OeOOOOO 
-0~02564 
0000000 
0000000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
OGOOOOO 
0000000 
-0.01121 
0-000000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
-0.00234 
0.00000 
-0.00234 
I 
.+. 
t 
I 
I 
I 
l 
•0,18085 
-0.71942 
-0.15957 
-Oe07314 
•Oo0776S 
-0002038 
-Oe309S7 
-0.18225 
-0.04468 
0.00000 
-o.11489 
0.00000 
-0.03404 
0.00000 
1.00000 
0.00000 
.;;0.00638 
0.00000 
-0.03723 
0.00000 
-0.00106 
0.00000 
0.00000 
0.00000 
-0.00638 
0.00000 
0.00000 
0.00000. 
0.00000 
0.00000 
-0.02553 
0.00000 
0.00000 
-0.00119 
0.00000 
1.00000 
0.00000 
-0.00119 
o.croooo 
-O.e'OOl 19 
-0.00212 
-0.00119. 
-0.32343 
-0.23801 
-Oe.25412 
=0007104 
=0020792 
-0002841 
-0005940 
-0.30017 
0.00000 
0.00000 
0.00000 
0.00000 
-OoOS280 
0000000 
c:aOo00330 
0000000 
loOOOOO 
0000000 
-0002310 
0.,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
OaOOOOO 
-0.01590 
0.00000 
0.00000 
o·.00000 
0.00000 
-o.3SS23 
0.00000 
1.00000 
0.00000 
-0.00110 
0.00000 
0.00000 
-0.21163 
-Oca50980 
-0026306 
-0009077 
: •Oo 12510 
-, 
.,. 
6 
-0003921 
-0021936 
=0(l1S809 
-0001499 
=0aQS351 
c.Oc00856 
c::oQ O g 8 3 5 l 
=0000771 
OoOOOOO 
-0.00299 
o.goooo 
-o.00214 
O.QOOOO 
1.00000 
0.00000 
-0.01799 
0.00000 
-0.01499 
0.00000 
-0.02356 
o.goooo 
-0.00042 
0.00000 
-0000342 
-Oo00!:>08 
-0.00111 
0.00000 
0.00000 
0.00000 
-0.00556 
0.00000 
-0.00042 
0.90000 
0.00000 
1.00000 
-0.01628 
0.00000 
-0.36635 
-0.16981 
-0.06132 
-0.22012 
0.00000 
0.00000 
0.00000. 
~ 0.00000 
0.00000 
• 
-0.00157 
0.00000 
0.00000 
0.00000 
.0.00000 
-0.00314 
0.00000 
0.00000 
-0.17767 
0.00000 
0.00000 
1.00000 .; 
I 
,.. 
·->,;.· ,' ,,· 
t 
r 
.r 
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coeffibients 
Each two tows of the below . a ~ingle of the 1964 21 21 (I-A) technical matrix. 
1S row X 
'1.00000 0.00000 0.00000 0.00000 -0.239S6 -0.21756 -0.15657 -0.18404 -0.20554 -o.2S863 
-0.14530 -o.13498 -0.0969.4 -0.21000 -0.28496 -o.29425 -0.66444 -0.74371 -0.3134~ -o·.64244 -o.'+1509 \ 
.. 
I 
0.00000 1.00000 0,00000 0.00000 -O.Z3304 -0.16439 -o.22a94 -o.15184 -0.22632 -o.25825 
i 
-0.17162' -o.19ooa -o .1s·2so 
-0.24150 -o.24934 -o.15630 -0.10888 -0.08143 -0.07339 -o.11478 -0.10110 
0.00000 0.00000 1.00000 0.00000 -0.10565 -o.01as3 -0.13552 -0.06134 -0.14780 -0.10885 
-0.07322 -o.oa356 -0.06971 -0.07473 -o.o9c30 -0.14683 -0.06000 
-O.Ol9lb -0.02905 -0.04459 -Oe0S950 
0.00000 0.00000 0.00000 1.uoooo 
-0.23043 -0.28439 -0.43157 -0,3703<":; -0.29099 
-0.25713 ;J 
,. 
-0.34553 -0.22222 -0.31699 -0.26250 -0.26121 -o.22s53 -0.16222 -o.14730 -0.26299 -o.19405 -0.20464 
0.00000 0.00000 0.00000 0.00000 1.00000 -U.04243 -0.00131 -o.03a34 0.00000 -0.02214 
. -0.02173 
-0.00459 -0.01416 -0.01420 -o.oo2b3 -u.uo592 0.00000 0.00000 u.uoooo 0.00000 0,00000" 
0.00000 0 ._00000 0 .:00000 0.00000 
-0.01608 1.00000 -0.00131 -0,07592 0,00000 
-0.01163 
-0.01144 
-0.01377 -o .:o 1633 
-0.00247 
-0.00131 -0.06039 0.00000 0.00000 0.00000 0 .000.00 c.00000 
0.00000 0 .00000 · 0 .,00000 0.00000 
-0.03304 -0.08536 1.00000 -0.02530 -0.02540 -0.01163 
., 
-0.00572 -0.09274 -o .,00653 .. -0.01482 -0.00131 -0.03197 0,00'000 0.00000 u.00000 0.00000 0,00000 
0.00000 0.00000 0.00000 u.00000 
-o.011a2 
-0.01463 -U.01052 1.00000 
-0.00230 -0.00638 
-0.01029 -0.00459 -0.01198 -0.01544 0.00000 -0.01124 0.00000 0.00000 0.00000 0.00000 a. O.POOO ... 
0.00000 0.00000 0.00000 0~00000 -0.01826 -0.02097 -o.oo2b3 -0.01380 1.00000 -OG00525 :. ... 
"d4 
.. 
-;::! 
-0.00228 -0.06519 -0.00108 -0.00-185 0.00000 -0.02782 0.00000 0.00000 0.00000 0.00000 0.00000 ~;· •·. 
~ e,.. 0.00000 0.00000 0.00000 0.00000 -0.01000 -0.05707 -0.02105 -0.02990 
-0.01616 1.00000 f. •. 
J 
. 
.... I . ·o. 
c:Q -0.09267 -0.09458 -0.09477 -0.06114 
-0.06200 -0002427 
-o.0022i -0.00479 0.00000 -0.00082 -0.00145 
~ ~ 0.00000 0.00000 0.00000 0.00000 
-0.01347 -0.00292 0.00000 -0.00153 0.00000 -0.00713 
\ a 1.00000 -0.00918 -0.06971 0.00000 0.00000 -0.00414 0.00000 0.00000 -0.001;,2 0.00000 0.00000 .. 'f 
... t . 
0.00000 0.00000 0.(:)0000 0.00000 -0-.00391 -0.00097 0.00000 -0.0001~ o.oooqo 
-o.001aa 
... 0.01601 1.00000 -o.io675 0.00000 0.00000 -0.00355 0.00000 0.00000 0.00000 0~00000 0.00000 .. ·~ 
( 
-0.00487 0.00000 
-0.00613 0.00000 
-o.o 1764" 
0.00000 o.opooo 0.00000 0.00000 -o.oooa6 
-0.07665 -o.os231+ 1.00000 
-0.61297 0.00000 
-0.00296 0.00000 0.00000 0 •. 00000 0.00000 o._00000 
-- 0.00000 0.00000 o.Qoooo 0.00000 -0.00173 -0.00091 0.00000 0.00000 0.00000 
-OGOOl50 I 
, 
-
0,00000 0.00000 
-0.016~3 1.00000 0.00000 -0.00059 0.00000 0.00000 0.00000 OoOOQOO 0,00000 j -~ . 
. 0.00000 0.00000 0.00000 0.00000 -o.oos69 -0.00091 0.00000 0.00000 0.00000 
-0000337 
-0.00457 -0.00642 -o.do544 
-0.05064 1.00000 -0.00059 -0.00222 0.00000 0.00090 0000000 -0.00290 • 
·~\ 
·• 
·0.00000 0.00000 . 0.00000 0.00000 
-0.00211 -0.02000 -0,01052 
-o • 03.757 0.00000 ""'0000300 
,, 
' i~ 
-0.00114 -o.oosso 0 .0:0000 
-0 .Ol'555 0.00000 1.00000 0.00000 0.00000 0.00000 0000000 0.00000 
~z 
0.00000 0.00000 0 .0000,0 0.00000 0.00000 0.00000 0.00000 0.00000 -0.,08545 OoOOQOO 
·~~ 
t( ( 0.000-00 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 
-0.00119 0.00000 =0 0000~2 0.00000 
.... ~ 
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 .. 0.00000 0000000 
-04)90563 
?J 
.. ~,. 
0.00000 0000000 0.00000 0.00900· 0.00000 0.00000 0.00000 1.00000 -0031030 0@'00000, -0.1,~29 
fr 
·;~ 
~ 
1 
0.00000 0000000 0.00000 0.00000 0.00000 0~00000 0.00000 0.00000 0.00000 =O o ,~00 7 5 
f_. 
-0.00686 
-OoOOl&J -0.00211 0.00000 0.00000 0.00000 0.00000 -0.00239 1.00000 OoOO·OOO 0.00000 
::; 
f 
0.00000 0 •. 00000 0.00000 0.00000 -0.-00043 0.00000 0.00000. 0.00000 0000000 0090000 
:.:. 
·; 
_0.00000 0.00000 0.00000 0.00000 -0.0382S 0.00000 0.00000 0.00000 -0.00305 1000000 0.00000 
,., 
t. 
'" 
.0.00000 0.00000 0.00000 0.00000 -0.00478 -0.00390 0.00000 -0.00306 0.00000 
-0.01313 · 
... , 
' 
·-iOe 01487. 
-0.01836 -0.01851 -0.03211 -0.00263 -0,.00059 0.00000 0.00000 
., 
-0.00611 
-o.002i.1 1.00000 
.' 
~..,..[ ~ r 
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, Eacµ two rows of the below is a single row of the 1965 21 x 21' (I-A) technical coeff:te-ients matrix. 1 1.00000, 
-o.11as1 
0.00000 
-0.20346 
0.00000 
-o.076S3 
0.00000 
-o.25649 
,, 0.00000 
-0.01839 
0.00000 
-0.01298 
0.00000 
-o.oos41 
0.00000 
-0.01002 
0.00000 
-0.00757 
0.00000 
-o •. 09523 
0.00000 
1.00000 
0.00000 
-o. 02'597 
0.00000 
-o.01s1s 
0.00000 
.0.00000 
0.00000 
•0.00541 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
-o·.ooe65 
0.00000 
0.00000 
0.00000 
· ,-0.01839 
\ 
0.00000 
-o.~4479 
1.00000 
•0017063 
0000000 
-0007341 
0000000 
-0022433 
0000000 
-0000339 
0000000 
-0001291 
0000000 
=0.09177 
0.00000 
-0.00679 
0.00000 
-0.10537 
0.00000 
-o.07477 
0000000 
-0000883 
0000000 
1000000 
0000000 
=0003535 
0000000 
0000000 
Oo 00000. 
-0000543 
0000000 
-0002651 
. 0000000 
0000000 
0000000 
0000000 
0000000 
=0000135 
0000000 
OeOOOOO 
0.00000 
-0.01421 
0.00000 
,-0 e 12163 
0 .0000.0 
-Oel57S4 
1 eOOOOO' 
-0.06778 
0.00000 
-Oca23862 
0.00000 
-0.03528 
0.00000 
-o.01es1 
0.00000 
-0.00835 
0.00000 
-0.01485 
0.00000 
-0.00092 
0.00000 
-0.08913 
0.00000 
-0.06870 
0.00000 
-o·.11321 
0.00000 
1.00000 
0.00000 
-0.01764 
0.00000 
-0.02785 
0.00000 
0 .00000 · 
0.00000 
0.00000 
0.00000 
0000000 
0.00000 
-0.00278 
0.00000 
0.00000 
0.00000 
. -o .01671 
,.: 
0.00000 
-0.20779 
0.00000 
-o.24945 
0000000 
-0007413 
1.00000 
-0.29058 
0.00000 
-0.00108 
. 0.00000 
-o.0016i 
0.00000 
-0.01515 
0.00000 
-0.01352 
0.00000 
-0.00210 
0.00000 
-0.06331 
0.00000 
0.00000 
0.00000 
0.00000 
0000000 
-0000595 
0000000 
loOOOOO 
0.00000 
-0.03.354 
0.00000 
-0.00974 
0.00000 
OeOOOOO 
0.00000 
0.00000 
0 .• 00000 
0.00000 
0.00000 
0.00000 
0.00000 
-0.03138 
-0.20540 
-o.i1s60 
•0.21891 
-0025000 
•0009932 
-0009452 
-Oo:32022 
-Oe26368 
1.00000 
-0.00313 
-0.01589 
•0000124 
0 0o01S67 
-0.00248 
-0.01748 
0.00000 
•0.01787 
0.00000 
-0.05522 
-o.ottaso 
•0000993 
•Oe00124 
-0.00278 
0000000 
-0.00079 
0.00000 
-o.001sa 
-o.00124 
-Oe00794 
1.00000 
·-0000317 
-0.00124 
0000000 
0000000 
0 o 0000·0 
0.00000 
-Oe00039 
0.00000 
0.00000 
-o.04601 
-0.00437 
-. -o .00746 
-0.22606 
-o.32378 
-0.16630 
-0.15587 
-0007642 
-0013753 
-o O 28658 
-0019713 
-0.04342 
-0.01031 
1.00000 
-o.011c3 
-0.07251 
-0.01489 
-o.01s19 
-0.01948 
-0.02605 
-0.03151 
-0.04515 
-0.02521 
-0.00211 
-0000401 
-OoOOOS6 
=0000229 
-0.00477 
·-0.00343 
-0.00043 
-0.00114 
-0.00130 
-0.00057 
-0.028'65 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
-0.00347 
-0.00114 
-0.15758 
-0.75908 
-0.24170 
-0.10516 
-0.13744 
-0.05736 
-0.41943 
-0.07074 
-0~0011a 
-0.00191 
0.00000 
-0.00191 
1.00000 
0.00000 
-0.00110 
0.00000 
-0.00236 
0.00000 
-0.02843 
-0.00191 
0.00000 
o.·00000 
0.00000 
0.00000 
-0.00118 
0.00000 
0.00000 
0.00000 
-0,00118 
0.00000 
-0.00236 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o.ooooc 
0 .00000_ 
-0.00191 
-o.~0926 
•0,71664 
-0.16453· 
-0.09151 
-0.07667 
-0.027~6 
-0.33466 
-0~14884 
-o.0.263S 
-0.00220 
-0.07507 
0.00000 
-0.02236 
0.00000 
1000000 
0.00000 
-0001597 
0000000 
•Oo019l6 
-0000551 
•Oo00!59 
0.00000 
-0.00079 
0.00000 
•Oo003!9 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
-0.04792 
0.00000 
0.00000 
-0.00220 
0.00000 
1.00000 
0.00000 
-0000330 
0.00000 
-0.00110 
-0.00239 
-0.00110 
-o.17S62 
-Oe464S4 
-Om21684 
-0007701 
=0012186 
=0002689 
.... 0045878 
coQo21271 
0000000 
. 0 000000 
0000000 
0000000 
-0.00896 
0000000 
i" 0 0000179 
0000000 
!000000 
0000000 
=0001433 
=0000366 
0000000 
0000000 
0000000 
0000000 
' 0000000 
0000000 
0000000 
-0000123 
o.ooooc 
0.00000 
-p.00119 
0.00000 
0.00000 
0000000 
0.00000 
-0.20660 
.0.00000 
1.00000 
0.00000 
-0.00122 
0.00000 
-0.00611 
·, 
' 
-o.26oos 
-0.68605 
-0024557 
c:Ool2669 
=Oo09i80 
=Oa0~7SO 
a0o2~231 
-Ool29@8 
·=Oo02~42 
=000001'9 
-o O O 15 ! 2 
0000000 
=0001673 
0090000 
=-OoOO~AA 
OoOOOlOO 
=0001383 
0090000 
loOOOOO 
=0000239 
-0000579 
0000000 
=0001416 
0000000 
=0001448 
OoQOOOO 
=OoOOO'i>6 
0000000 
a.Oo004!,Q 
Oo900QO 
QoOOOOO 
OoOOQOO 
0000000 
c:,0000079 
=0000643 
=0000079 
=0000064 
0000000 
0000000 
loOOOOO 
-0.00901 
-0.00478 
-o.42819 
-o.16489 
=0000398 
OeOOOOO 
0.00000 
0.00000 
....... 
0.00000 
-0.001,2 
-0000398 
OeOOOOO 
0.00000 
0.00000 
-Oe0026S 
0,00000 
0.00000 
-0.18218 
0.00000 
-0.00132 
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Each two 
1.00000 
Oel9824 
0.00000 
0.22~28 
0.00000 
Oell902 
0.00000 
Oe45844 
0.00000 
.0.02829 
0.00000 
o.01s20 
0.00000 
o.01sso 
OeOOOQO 
0.00229 
0.00000 
Oe00062 
CS) 0.00000 
0,13753 
0.00000 
le00931 
0.00000 
Oe02~00 
0.00000 
0.07716 
0.00000 
0.00012 
0.00000 
0.00657 
0.00000 
0.00557 
0.00000 
0.00000 
0.00000 
0.00466 
0.00000 
o.0Q262 
· 0.00000 
0.00029 
0.00000 
Oe02403 
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rows of 
0.00000 
0.20637 
1.00000 
Oa2590S 
OeOOOOO 
0017042 
OeOOOOO 
00364!~ 
0.00000 
0.01164 
0.00000 
0.01309 
0.00000 
0.0266:l 
0.00000 
0.00132 
0.00000 
o.ooosi 
0.00000 
Oel6084 
0$00000 
000208! 
0000000 
lo009SA 
0000000 
0005172 
0000000 
OoOOOA2 
0000000 
Oo·Ol031 
0000000 
0000222 
0000000 
0000000 
OoOQOOO 
0000619 
0000000 
0000304' 
0000000 
0000044 
0.00000 
_ 0.03294 
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the J:>e low 
0.00000 
Oel9S75 
0@00000 
0o2S7ll} 
loOOOOO 
, Oo:!544@ 
0000000 
0039240 
0000000 
0001632 
0000000 
0002393 
0000000 
0002116 
0000000 
OoOOA7l 
0000000 
Oo0003~ 
OoO·OOOO 
002,954 
0000000 
0007453 
0000000 
0010085 
0000000 
1001629 
OaOOOOO 
0000019 
0000000 
0000514 
OaOOOOO 
Oa00154 
0000000 
0000000 
0000000 
0000537 
0000000 
0000212 
OaOOOOO 
0.00023 
0.00000 
Oe02973 
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t is a single row of the 1961 (21 x 21). interdependency matrix. 0.00000 [0.23Sl3] o.26048 0.1193'.a o.29284· o.31135 0.21100 Oe27421 Oe28479 0.42306 0.60321 o.70219 0.49299 Oe61275 0 000000 [ 0 024496] 0 e 23595 0 .24915 · o.29178.. o. 238·09 o.25485 0026923 Oo2~90l 0016326 Oe09578 o.06868 0.092S4 0009923 0000000 (0019232] 0013063 Oel3376 Oe21068 Oe22344 Ool9696 0010772 Oo!l02o.:; 0021984 0.05765 0.03024 Oe04529 0004671 !000000 (oo32756J 0037292 o.43770. o.20468 0.22110 o.33717 0034882 Oo35S97 0019383 0.24334 Oel9887 0.36886 0.24129 0.00000 1~00374 0006360 o.00586 0.11002. 0~00000 0.01725 o.03153 oGoo97S 0.00548 0.00000 0.00000 0.00010 0.00001 o.00000 Oo0183S 1.00631 Oe01124 Oel7508 o.,00000 _0.014~8 0.00427 Oe00229 0.00637 0.00000 0.00000 0.00009 0.00000 0.00000 Oe02874 0.09976 le00259 0.07624 OeOOOOO Oe01839 0.02493 0.0012·1 0.01374 0~00000 0.00000 0.00011 0.00000 0.00000 0.00512 0.01913 0.02304 1.00531 0.00000 0.00339 Po01162 0.00022 0.00301 0.00000 0.00000 0.00002 0.00000 0000000 0.00012 0.00141 0.01304 0.00506 .1.00000 0.00052_ Oo00055 0.00003 o.011so 0.00000 0.00000 - 0.00000 0.00000 0000000 Oe098SS 0.08793 ·o.00523 Oe06258 0000000 1.01719 Oo05®94 o.04485 o.ooeod 0.00001 0.00001 Oo00632 o.oooos 0000000 0.01311 0.0121a 0.00030 0.00444 0~00000 o.02s13 0000210 Oe00286 Oe00033 OeOOOOO OeOOOOO 0~00017 OeOOOOO OeOOOOO Oe02467 Oe00472 Oe00028 Oe00435 OeOOOOO Oe03019 Oa0024l Oe00l55 0.00035 ~.00000 OeOOOOO· o.00018 0.00000 0.00000 o.oosss 0.00376 0.00011 0.00221 0.00000 0.02144 0000169 o.00134 0.00024 0.00000 0.00000 0.00011 0.00000 OoOOOOQ 0.00047 Oe00061 OeOOOOl Oe00033 OeOOOOO Oe00068 1000006 0.00003 0.00304 0.00000 0.00000 9.00000 0.00000 OeOOOOO 0.00823 0.01492 Oe00023 Oe00370 · 0.00000 o.00742 0.06647 1.00047 o.oooaa 0.00002 0.00000 0.00001 0.00113 OoOOOOO Oe00460 Oe00173 Oe00266 Oe05286 OeOOOOO Oe00373 Oe00310 Oe00021 le00023 OeOOOOO 0.00000 \0.00002 0.00000 0000000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1.00000 0.00135 0.00047 0.00000 0.00000 0.0011s 0.00203 0.00006 o.001s1 · 0.00000 0.00254 Oe00726. 0.00070 Oe00006 0.00116 le00069 o.34627 OeOC261 ,.. -0.00000 0.00011 0.00005 0.00000 0.00002 0.00000 0.00020 0.00002 0.00001 0.00000 0.00000 0.00135. 1.00047 0.00000 0.00000 0.00012 0.00062 0.00001 0.00019 o.oodoo 0.00031 0.00268 0.03996 0.00003 0.00248 0.00212 o.ooso1 1.oooos 0.00000 0.01120 0.01290 0.00039 0.01001 0.00000 0.01583 Oe04646 Oe003l8 Oe00039 o.0074S Oe00138 0.00678 Oe00227 
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Oe49461 
• 
Oal6804 
o.o6~.3o 
0.27502 
o.oooos 
0.00003 
0.00003 
0.00000 
0.00000 
o.001ao 
0.00005 
o.oooos 
0.00004 
0.00000 
0.0032& 
0.00000 
0.00021 
o.1_5621 
0.00021 
0.00055 
1.0002s 
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Each two rows of the below is a single row of the 1962 (Zl 1.00000 0.00000 0.00000 0.00000 o.2~468 o.3~461 0.21013: 0.25501 0025354 Oe30849 Oe26727 Oe31959 0.42491 Oe60947 OeOOOOO 1 0 00000 o.odooo OoOOOOO 0 1 23793 Oe26953 Oe28~14J Oe2592' Oo2@408 Oe2604l 0026006 0.2~717 Oel6627 0009847 0.00000 0000000 leOOOOO 0000000 Oel9&l5 0.14189 0014665 0 el 31 ! 5 0 o l 80 8 2 0 • 13 7 4 6 0 e O 94 8 7 0 • 11416 o • 18 a 2 5 0 ·o'l:tS S 8 6 0.00000 0000000 OaOOOOO loOOOOO 0134101 Oe23395 Oc35807 0.35457 Oo2S07; 0029362 Oe37779 Oe3l905 Oe22656 0023618 I 0.00000 0000000 0.00000 0.00000 1.00391 0.06425 0.00359 0.03334 Oo0!364 0002234 0.0251s 0~00549 0.00231 0.00000 0.00000 0000000 0.00000 0000000 o.01a66 1.0011a 0.00~20 0.01941 0002001 Oo0246l o.ooe26. 0.0026& 0-.01230 0.00000 OeOOOOO OaOOOOO OoOOOOO OoOOOOO Oe02782 0.09921 1.00243 Oe0l760 0002780 0002014 Oe0l98S Oe00149 Oe01646 0000000 0.00000 0000000 0000000 &000000 0.00141 0.02025 0.01592 Oe00690 0000452 0000622 0001417 Oe00033 Oe00221 0 8 00000 0.00000 0000000 0000000 0000000 Oe003Q9 0.00625 0~01587 Oe00306 0001581 0000409 0000152 0000029 Oe064l4 0000000 0.00000 0000000 0000000 0000000 0Goa12s o.oa403 0002111 Oel5~89 0015807 Oal7860 Oo0S4l2 Oo054Ql Oe0ll93 0000000 0~00~0 0000000 OeOOOOO 0000000 0001643 Oe00379 0000066 le0lo6l 0001914 0007648 Oe00154 0000120 0.00033 0000000 q.00000 0000000 Ooooooo 0000000 000113s 0.00406 Oo00066 0.02995 1 0 01077 Oo09~l8 0 0 0022! 0000124 0 8 00036 0 8 00000 OeOOOOO 0000000 0000000 0000000 0000588 0001031 Oe00088 ·Oe09797 0007839 lo018A7 0000165 Oo0013S 0 1 00097 OeOOOOO OeOOOOO 0000000 0000000 0000000 Oo001S4 ~ 0000170 0000003 OeOOOJ.7 · Oo0001S- 0000018 1000008 0 0 00004 0.,001'67 -0 0 00000 0.00000 0000000 0000000 0.00000 0000699 0.00201 0.00011 Oe00660 0000917 0000498 OeOS964 lo0007~ Oe00074 0 8 00003 0.00000 0000000 0000000 0.00000 0000249 0.01750 0.00074 Oe00388 0000262 0000182 Oe00407 0000033 1000033 0.00000 0.00000 0000000 0000000 0.00000 0000000 0.00000 0.00000 OeOOOOO 0000000 0000000 OeOOOOl Oo00004 OeOOOOO leOOOOO 0~00000 OeOOOOO 0000000 OeOOOOO 0 0 00168 0.00207 0 8 00018 Oe0065l 0000678 0000639 Oe00687 Oe00057 Oe000l9 OeOOOOO 0.00000 0000000 0000000 0.00000 0000017 0.00010 0.00002 Oe00417 Oo0029B 0000330 0.00004 0000004 0.00001 OeOOOOO 0.00000 0000000 0000000 0.00000 0.00062 0.00061 0.00001 OeOOOJO Oe00037 0000023 Oe00212 Oe03517 Oe00003 Oe00265 0.00000 0.00000 0.00000 0.00000 ·0.00810 o.01064 -0.00052 Oe02765 0.03173 Oe02824 Oe04050 0000226 Oe00092 OeOOOOO 
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x 21) inter4ependency matrix. o.36025 o.231s1 o.2s,,s · 0.10~93 o.48186 0.11099 o,48587. 0.32510 0027747 0.24011 Oe065SO 0009408 Oe12588 Oe17399 Ool69S8 Oo2286S Oel8763 Oe02S40 Oo0~043 Oe05969 0,0~937 o.14SOS Oo2~229 0~31489 0.2021s Os38361 0.04342 o.2ao1s Oel0150 0000043 Oe01880 OeOOOOO OeOOOOO Oe00009 0.00005 0.20319 0.00052 0.02140 0.00000 0000000 0.00006 0.00004 o.oaoo4 0.02632 0.0231a OeOOOOO OoOOOOp Oe00004 Oe00004 
_ le00595 0000050 o.00518 0.00000 0000000 0.00001 0.00000 Oe00478 1000050 Oe00523 0.00000 0~00000 0.00001 0~00000 o.07694 0001942 le01382 0.00001 0000003 0000199 0.00113 o.oo~s3 0.00040 0002126 0.00000 0.00000 0000004 0.00003 Oe00439 Oe00042 - Oo0219~ 0.00000 0.00000 0000004 0.00003 o.01348 Oe00048 0002493 OeOOOOO OaOOOOO Oo00004 Oe00004 o.ooos6 0.00001 Oo00069 OeOOOOO 0.00000 OoOOOOO OeOOOOO 0e00139 0e0QOA0 0GQQ556 o.oooos 0.00015 0001288 0000443 Oe03665 Oe00012 Oo00S60 OeOOOOO 0.00000 OoOOOOl OeOOOOO 0,00000 0.00000 0000000 0000131 Oe00046 Oe00l28 Oe00021 0.00110 0.00011 0.00603 le00086 Oe34579 0000001 Oel6485 0.00011 0,00001 0000082 0.00000 1.00000 0~00000 0.00000 0.00019 0.00000 0.00023 Oe00262 0.00860 1.00045 Oe00058 
-o.ooas2 0.00021 0.01412 
o.00524 o.00950 0.00004 le00089 
"\ ' 
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/ 
'· '\ 
... 
..... 
r 
i ; 
! 
i 
r 
f 
K i ;. .; 
' .. t
;) Each two rows ·of the below is a single row of the _1963 (21 X 21) i~terdependency matrix. 1.00000 0.00000 0.00000 0.00000 o.2a224 o.2a319 0.21566 o.2sa16 o.36991 o.3074? ~ . '. i ' I 0.22320 Oe21984 0.18693 o.21aos 0.33110 0.35757 o.53474 ·0.12192 Oe49843 o.55871 - Oe49614 0.00000 1.00000 0.00000 0.00000 o.2a600 o.24668 o.27956 0.23006 o-. 29QE.6 0.29237 l, 
- . 
I o.24412 0.21349 0.25995 o.2ao19 0 e268·27 0.18795 o.106eo ·0.07377 0:.09822 o.13662 o.1e422 0.00000 0.00000 1.00000 0.00000 o.142Sa 0.12139 o.16520 0.11656 o.233eo o.1393~ 0.10954 o.14606 J).11834 0.10199 0.11494 0.11940 0.0591a 0.02065 o.03619 Oe06234 0.06557 0.00000 0.00000 0.00000 1.00000 o.2a·916 0.34211 o.33956 o.39400 0.10554 o.2ooa4 !, · 0.42312 Oe36059 o.43476 0 • 33"974 o.2sso1 0.27506 o.29926 o.18364 0~36713 0.24231 o.25406 0.00000 0.00000 0.00000 0.00000 1.00328 0.04360 0.00316 o.osoae 0.00122 0.01663 .. , o.022a3 ·oa00973 Oe01806 o.021s9 o.ooa91 0.00666 o.00255 0.00010 o.00066 .Q.08747 0.00007 0.00000 OeOOOOO 0.00000 0.00000 0.0113a 1.00451 
"' 
o.004e1 o.11a29 0.00496 0.01039 o.01seo Oe01506 o.021i9 0.00666 0.00559 0.05371 0.00024 ·0.00010 0.000&4 o.os537 o.oooos 0.00000 0.00000 0.00000 0.00000 0.03029 o.o9B45 1.00213 0.04851 0.05579 o.01oa2 0.01498 o.046Bl o.02oa1 0.01924 o.00135 ' 0.03252 -0.00009 0.00001 o.ooooa o .• o 1075 0.00002 0.00000 0.00000 0.00000 0.00000 0.01336 0.01122 0.0.1957 1.00310 0.00506 0.00401 0.00778 0.00690 0.009'93 0 •. o 1426 o.00043 0.00824 0.00003 0.00000 0~00001 0.00255 0.00000 
' ~
0.00000 0.00000 0.00000 0.00000 0.0061a 0.02301 0.00113 0.01055 1.00299 0.00316 
'\ o.oo3~a 0.02768 0.00415 · o.00151 0.00037 0.03302 0.00002 0.00000 0.00001 0.00243 0.00000 s CX) 0.00000 0.00000 0.00000 0.00000 o.oa599 0.06148 0.02154 0.05115 0~02679 1.00942 ~ o.12348 0.1113s 0.12410 0.05541 o.os47d 0.02439 0.00023 0.00001 0.00009 0.01259 0.00176 
... ' ~ .... 0000000 0.00000 0.00000 0.00000 Oe01899 0.00439 o.00065 0.00372 0.00063 0.02047 t:Q 1000854 Oe01S97 o._07359 o.001a2 0.00126 0.00151 0 • 0·0004 0.00000 0.00001 0.00196 o. 00003. 
~ t-4 
~ 0.00000 0.00000 0.00000 0.00000 0.00911 o.00310 0.00055 0.00224 0.00057 o.01e42 0.02113 1.00894 0.11136 0.00164 0.0010, o.00145 0~00002 0.00000 0~00000 0.00102 0.-00003 ~ 0.00000 0.00000 0.00000 0.00000 0.00412 o.00758 0.00091 o,. 008 76. 0.00095 0.02654 Oe08189 o.06415 1.01539 o.oosaa 0.00149 0. 0·9350 0.00001 . o. 00000- 0.00000 0.00103 0.00004 0.00000 0.00000 0.00000 0.00000 0.004S7 0.00075 0.00003 0.00035 0 .'00006 0.00061 0.00041 0.00035 0.00396 1.00023 o.00154 0.00067 0.00001 0.00000 0.00000 0.00045 0.00000 0.00000 0.00000 0.00000 0.00000 o.00922 0.00120· 0.00014 0.00016 0.00016 0.00398 0.00465 o.ooaaa 0 .00459· 0.05638 1.00060 o.oooa2 0.00004 0.00001. 0.00004 Oe00595 0.00315· 0.00000 o .• 00000 0.00000 0.00000 0.00213 0.01922 0.01240 o.02e9s 0.01101 0.00241 0.00235 0.00443 ·O eOOl 59 0 • 00_,587 0.00112 1. 00·198 0.00000 0.00000 0.00001 0.00179 0.00000 o.ocooo 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 Oe:00000 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1,00000 0.00119· 0.00042 0.00000 0.00021 ·0.00000 n.00000 0.00000 O.'JOOOO o.00193 o.00136 0.00026 0.00102 0.00025 0.00904 .. o.oo6eo 0.00~74 0.00674 0.00697 0.0020a 0.00039: 0.00042 le00064 0 •. 3 5546 0.0002s Oel77SO 0.00000 0.00000 0.00000 0.00000 o.00068 0.00010 0.00002 0.00009 0.00001 0.00067 o.00618 0.00262 0.00329 0.00001 0.00004 0 • 00003>·· 0.00000 0.00119 1.~00042 0.00006 0.00021 '/" 0.00000 0.00000 0.00000 0.00000 · 0.00037 0.00005 0.00000 0.00003 0.00000 o.uoo11 0.00023 0.00037 0.0.0021 0.00225 0.03954 o.oOOOl 0 e',00234 0.00121 0.00153 1.00023 Oe00034 0.00000 0.00000 0.00000 0.00000 o.oo6as 0 • 0055-3 o.ooos1 0.003;99 o.:00056 0.01790) 0.0220s 0.02339 0 .0274 7 b.03735 0.00994 0.001.41 Oe00236 0.00120 0 •. 00043 0.0010a 1.00021 
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' ,. I 
I •: -
1 
: 
, 
row·o'f Each two rows of the below is a· si~gle the 
' 
1.00000 0.00000 0.00000 0.00000 0.29068 0.28187 
Oe2l8S4 0.22911+ 0.19513 0.2119a Oe33063 0.33894 
0.00000 1.00000 0.00000 0.00000 o.2~164 o.22ea1 
~;:• Oe23925 o.2a236 0,24823 0.29457 o,i733o 0,19880 rt 0.00000 0.00000 1.00000 o.12a9a n 0.00000 0.11251 '/I lt 0.10324 0113076 0.11110 0.09190 0.10641 o.16a10 l,::; q 
0.00000 0100000 0,00000 1.00000 0.29867 o.376ao ~! 
;i;J Oe43895 0,35713 0.44492 o.32953 0,28964 0.29354 1 
0.00000 0.00000 0100000 . 0.00000 le0037S 0.04521 
0.02678 o.00936 0.02091 0.01101 0.00418 0.01004 
:.'\; . .i 0.00000 0.00000 0.00000 0.00000 0.01911 le00445 0.01605 0101754 0.02204 o.00560 0.00221 0.06231· ,· 
0.00000 0.00000 0.00000 0.00000 0.03744 0.09006 
0.01211 0.09909 0.02223 0.01777 0.0024a 0,0396S 
• 0.00000 0.00000 0.00000 0.00000 0.01939 0.01733 
0.01305 ·0.00785 0.01540 0.01674 0.00056 0.01319 
,,I 0.00000 0.00000 0 .000,00 0.00000 0.01998 0.02351 r.:i O') \ 0.00575 0.06744 0.01031 o.00327 0.00052 0.03014 f:· 
' 
E-t 0.00000 0.00000 0.00000 0.00000 Oe0760S 0.06534 
.... 0.10153 0.10111 0111876 o.o6aao 0,06280 0.03115 re It) ~ ~ 0.00000 0.00000 0,00000 0.00000 Oe0l448 Oe00462 .... 
a 1.00101 0.01413 0.01293 o.001a3 o.00060 o.00507 0100000 0.00000 0100000 0.00000 0.00521 0100256 
o.02s12 1.00112 , 0.11046 o.00224 0.000,s 0,00448 
0.00000 0.00000 0.00000 0.00000 0.00384 0.00676 
Oe08065 0.05587 1101391 o.01461 0.0.0120 Oe00455 
0,00000 ·0.00000 0.00000 0.00000 o.00194 0,00128 ,.. 
0100154 0.00111 0,01680 1.00038 0.00012 0.00019 
0,00000 0100000 0.00000 0.00000 0,00924 0.00176 
o.ooS96 0.00144 o.ooao9 0.0512s 1.0002a 0100097 
.. 0.00000 0.00000 0.00000 0.00000• 0.00397 0.02200 
o.00262 0.00160 0.00244 o.oo(,74 0.00029 1,00231 
0.00000 0.00000 0.00000 0.00000 0.00111 0.00,01 
0.00049 0.00576. 01oooaa 0.0002a 0.00001 0.00~57 
0.00000 0,00000 0.00000 0.00000 0,00147 0.00123 
0.00575 0,00459 0.00537 o.00565 0.00093 0100045 
0.00000 0.00000 0.00000 0.00000 0.00011 0.00010 
0100723 0.00216 o.00301 0.00011 0.00001 0.00001 
0.00000 0.00000 0,00000 0.00000 0,00079 o.ooooa 
0,00026 0.00029 ·0.00032 0.00196 o.03e21 0,00004 
·0.00000 0.00000 0.00000 0.00000 0.006~0 0.00534 
. o.ol 870 ~0.02136 0102426 0.03367 0.00363 0100161 
' 
• 
-
I 
.... 
1964 (21 
0.11043 
0.06583 
o.24056 
Oell013 
o.14156 
0.00050 
Oe44742 
0116352 
0100244 
0.00006 
Oe00313 
0100003 
1.00135 
0,00003 
o.01091 
0.00001 
0.00334 
0.00001 
0.02220 
· 0100237 
0.00030 
0.00002 
0.00029 
0.00002 
0.00054 
0100004 
0.0000, 
0.00000 
0.00011 
0.00223 
0.0110a 
0.00000 
0.00028 
1.00000 
0.00019 
0.00002 
0100002 
0.00000 
0,00000 
o.ooooa 
0.00037 
0.00003 
• 
•vj .... 
"-... 
F· - . ·~-::.: 
' 
,..'.',_ 
' 
'<" 
......, --.:.-· . .:.....~ ...... 
-.... ~--_\":-,a;;.-.. 
- :J.'\ :-:::..;.~ 
-- ·: .:-i""'-..._ 
-"~. 
21)· interdependency matrix. ·<:;,-.. X 
• 
0.24954 
0.11+123 
Oe20816 
0,08317 
0.09173 
0.01990 
o.45055 
Oel496.7 
0.04325 
0.00011· 
0.07999 
0.00006 
0.03615 
0100007 
1.00321 
0.00003 
0.01190 
0.00003 
0104097 
o.oo4a3 
Oe00337 
0100004 
0.00236 
0.00004 
0100781 
0.00009 
0.00036 
0.00000 
0.00012 
0.00002 
0.03991 
0.00001 
0100153 
0,00120 
Oe00093 
1,00078 
0.00001 
o.00240 
0.00004 
0.00000 
Oe0044l 
o.ooooa 
~ 
t 
0.21210 
'o.55095 
o.24694 
0.10100/ 
. o.15S75 
0103S91 
o".a2219 
0,31212 
0,00055 
0.00001 
Oe00048 
0.00004 
0.02577 
a.oooo't 
0,00271 
0.00003 
1.00023 
0,00001 
0.01114 
0.00168 
OeOOOlQ 
01001ss 
0.0001s 
0,00005 
0.00034 
·0100015 
I 
1 .. 
. ~ .. 
0.00003 
0100000 
0.0002s 
0.00003 
0.00043 
0.00000 
o.o_ss1+1 
0100037 
0.00014 
Oe3llt»O 
0100001 
1.0001s 
c.,00001 
0.00306 
0.0002s 
0.00617 
"" 
0.29433 
Oe6445:> o.~32~2 
Oe2S570 . 
OallS54 Oel7522 
0 e 1218·1 
Oe04489 o.o630& 
0,29(:}1'4 $ 0,19500 0.22916 
0.02376 
0.00001 0.00006 
Oe01350 
0.00001 0~00003 
0.01531 
0.00001 0.00004 
0.00766 
0.00000 0.00001 
o .ocl691 
0.00000 0,00001 
1100723 
o.ooos3 0,()0239 
0,00900 
0 •. 00000 0.00002 
0.01025 
0,00000 0.00002 
0.01916 
OaOOOOl Oe00004 
o.001es 
0.00000 0,00_000 
I 
0.00397 
0.00001 0.00211 
Oe00387 
0.00000 0,00000 
o.00060 
0000082 0,00018 
o.ooe1s ~-
0.00039 o.1ss43 
Oe00089 
0.00000 Oo00-037 
0.00016 
1.00000 0.00011 
0.01417 
Oe00.248 - 1.00004 
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Each two of the below . a single row of, th-e 1965 (21 X 21) interdependency matrix. 
rows 1S 
1.00000 0.00000 0.00000 0.00000 o.24soo o.2a111 0.11026 0.21032 o.1s2s1 
.0 .29799 
to.2622a 0023962 o.23s1a o.26eoo-\ o.33189 o.37154 o.76175 0.12395 o.61983 o.69084 Oe!,6431 0.00000 !000000 0.00000 Oe 00000 I o.2sa11 o.22643· o.25306 0.21442· .Q.223S3 0.21121 o.21s16 0026487 o.26650 0 • 293.53 0.21359 0.20008 0.10697 0.09451 0.09921 o.12s60 Oeld551' 0.00000 0.00000 1.00000 0.00000 0.11129 0.10764 o·,.14241 0.10361 0.12523 0.11351 Oel0787 0.12139 ·o .11311 0.0932a 0.10412 0.15875 Oe058l3 o.02aa1 0.03383 0.04855 Oe06515 
0.00000 0.00000 0.00000 1.00000 o.37658 o.37874 0.43419 0.41163 Oe4683S 0.31120 
0.35406 o.37409 0.38152 o.34517 0.29039 o.26961 0.01313 0.15211 0.24112 0.1319s Oeld502 
0.00000 0.00000 0.00000 0.00000 1.00327 o.04618 0.0022a 0.03142 o.00049 0.02741 
.0.02557 o.ooe1s o.04223 0.00401 o.oos26 0.01529 0.00206 0.00237-- 0.00062 o.oooa9 Oe00458 
.0.00000 0.00000 0.00000 0.00000 o.01aa5 1~00522 0.0012a o.oaoo2 0.00053 0.01695 6.01831 o.01aoe o.02sso 0.0041a 0.00221 0.07443 0.00199 0.00014 •. 0.00009 o.oooos 0.00020 
0.00000 0.00000 0.00000 0.00000 0.02229 0.07607 1.00093 0.0304a 0.00935 0.02064 
0.01364 0.0912a 0,02524 0.01155 0.00314 0.02239 0,00022 0.00016 0.00013 o.oOOOb 0.00021 
o.noooo 0.00000 0.00000 0.00000 o.01s6s 0.01114 0.00744 1.003~9 0.00201 0.00754 j 
.. 
0.01390 0.00994 o.01a9a 0.01456 o.00054 o~.02153 o.ooooa o,ooooa 0.00000 0.00003 0.00015 
0.00000 0.00000 0.00000 0.00000 0.02029 0.02947 0.00312 0,02097 1.00037 o.01baa 
0.01436 0.10923 0,01750 • 
0.00009 0.0001s 
0.001+66 0.00101 o.03s10 0.00012 0.00_013 • 0.00005 
' 0.00000 0.00000 0.00000 0.00000 o.os979 0.05288 0.02921 0.02190 o.014ao le00705 
0 0.10949 0,08678 0.11352 0.06752 0 .049'60 0,03238 0.00214 o.oos11 0.00497 0.0021+1 0.00319 
,-4 O,OOOOCl 0.00000 0.00000 0.00000 0.01066 o.00356 0.00034 0.00219 0.00012 0.00744 
E-t, 1.00683 0.01233 o.o1;186 0.00119 o.ool69 o.00493 0.00004 o.00006 0.00006 0.00004 Oe00408 
.... 
0.00000 0.00:000 0.00000 0.00427 0.00263 0.00063 0.00205 ,Oc00025 0.()1635 
u, 
"1 0.00000 ~ t-t 0.03679 1.00597 o.11a23 o.001as o.oooa1 0.00356 0.00004 0,00010 o.ooooa Oa00004 0.00020 
~ 0.00000 0.00000 o .oo·ooo 0.00000 o.002a2 0.00622 ·o.OOl69 o.00451 0.00025 0~01589 0~07934 o.o3ao9 l.01164 0.00121 0.00091 o.00489 0.000·04 0.00009 0,00008 0.00004 Oe00036 0.00000 0.00000 ·0.00000 0.00000 0.00112 0.00010 .0.00006 0.0002s 0.00002 o.o;o131 0.00157 o.oooa2 o.01aoa 1.00025 o.00131 0.00132 0.00000 0.00001 0.00123 OeO'OOOO 0.00002 1 0.00000 0.00000 o. oo·ooo 0.00000 o.ooss2 0.00226 0.00139 0.00011 0.00009 0,00544 o.ooa10 0.0012a 0,03078 0.03423 1.00037 0.00119 0.00003 0.00005 o.ooooa 0.00003 0.0027'4 0.00000 0.00000 0.00000 0,00000 o.oo4as 0.03011 0.00279 Oe050fl4 0.00193 0.00146 - 0.00233 o.02a13 0,00521 0.01013 0.00139 1.00343 0.00006 0.00001 0.-00002 0.00000 0.00003 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00000 .0.00001 0.00001 0 • 0Q'Ct04 0.00000 1.00000 0,00220 0.00045 · o.oooeo 0.00040 0.00000 0.00000 0.00000 0.00000 0 .oo 14.9 o. 001·1 a 0.00025 0.00019 0.00012' o.00847 
. ' 
I 
Oe20795 
.:.·~; 
o.00654 0,00386 o.oo~s2 0.00638 0.00187 0.00060 0.00031 1.00094. 0.00169 Oel8240 
!:, 
' 
;.~ 
0.00000 0.00000 0.00000 0.00000 0.00054 0.00010 0.00002 0,00007 0.00001 Oe00081 
i' 
'. {j . 
o.00909 0,00165 o.00370 0.00009 o.ooo!JS 0,00009 0.00000 0.003'91 1.00069 0.00000 0.00064 
Li 
!:·] 
' 1l 0.00000 0.00000 0.00000 0.00000 0.00040 0.00011 0.00006 0.00003 0.00000 0.00021 
;:J 
·) . 0.00044 0.00036 0.0014s 0.00162 Oe0460S o.oooos 0.00000 0.00111 0.00146 1.00000 Oe00165 
'l•J 
·;.-: 
0.00000 0.00000 0.00000 0.00000 0.00546 0.00449 0.00035 0.00329 0.00015 0.01000 
i 
0.02175 0.01626 0.02209 0.03252 Oe00826 0.00209 Oe00195 ·0.00120 0.00644 -Oa00481 le00036 
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EXHIBIT 11 
Sector Multipliers for Forecasted 21 Sector Mode 1 
1966 
t 1.00000 
. ·2 1.00000 
3' . ·,· .1.00000 
·4 1.00000 
·s 2.19513 
6 2.27910 
7 2.04697 
8 2. 26275 
9 2.02791 
10 2.17241-
11 2.32672 
12 2.38649 
13 2.48133 
14 2.21398 
15 2 .. 16308 
l.6 2.24783 
17 2.00209 
18 2.01210 
19 2.10992 
'20 2.00825 
~:l 2.19160' 
LEGEND: 
CODE 
1966 
GENwr ... 
G:ENWT REGFR LEARN ES/TR MEAN 
·I 
1. 00000 1.00000 1.00000 1.00000 -1. 00000 1. 00000 1. .. 00000 1.00000 1.00000 1.00000 
1. 00000 _1.00000 1.00000 1. 00000- 1.00000 
1. 00000 1.00000 1.00000 1.00000 1.00000 2.18642 2.18400 2.18340 2.20633 2.20822 2.26821 2.27900 2.29065 '2.29532 2.29837 
2. 05133 2.05193 2.05572 2.06233 2.05995 
2.23829 2.25927 2.27902 2.32007 2.32298 
2. 05697 2.03055 2.03631 2.09183 2.06593 '-2.15725 2.16399 2.16336 2.16363 2.17039 
2. 33141 2.36873 2.33755 2.36886 2.35779 
2. 42190 2.44488 2.43258 2.42044 2.40269 --.... 
2. 48138 2. 53162 2. 52320 2.48817 2.49507 
2. 20988 2.20930 2.22363 2.23087 2.23399 ,, 
2.15446 2 .12530 2.12231 2.12164 2.12737 
2. 28395 2.22334 2.21742 2.18500 2. 18264 
2. 00405 2.00922 2. 00895 2.00572 2.00532 
2.01436 2.01773 2.01780 2.01090 2.01068 
2 .14059 2. 22459. 2.21512 2.30538 2.26749 
2. 02081 2~01108 2.01116 · 2.07132 2.04976 
2 .19709 2.20147 2.20359 2.18114 2.17997. 
DESCRIPrIONS ··' 
Actual 1966 Multipliers 
•, I. • •• 
• .• :,.: ;,.· .... .; - ·-· ·.!·' ., . • 
General Weighting 
,. • ... , ··: . ' .: ·.- . ' ... ·- ., ~ ... - . . . . .. . .. . ....... - ..... - ..... '. 
/ . 
REGFR - Linear Regression 
LEA.RN - Learning Process . 
ES/TR - Ex. Smoothing/Trend 
MEAN Mean of Historical Data 
:,i,; 
...... 
=.· ... , 
I,· 
,_--· -·~·-·_ ..... 
,,. .· .. , 
J 
•· 
t 
I. 
' r I 
' I 
' 
r. 
t 
I 
! c 
1: 
I' 
J. 
r 
! f 
1 
~ 
i 
I 
t. 
~ ,. ) 
f 
.• 
,. ,,. 
~! 
f 
fl 
!. 
· i: 
•' •-r 
~; 
~. 
I 
.-'rl 
IT 
r (j 
._ .. , . ~ .... ". '. 
. ' :··:~-· ..... 
·" 
\ 
·, .. 
I 
-~ .. '. \ 
...,_· 
' 
.1·· 
2. 
3 
4 
5 
6 
7.. . 
L. • s 8 
E 9 
.c: 10 
T 11 
O· 12 
R 13 
.s 14 
15 
16 
17° 
·18 
1.9 
20 
·21 
.. 
....... 
:. ~-· , . 
\,, 
• _'J..,_ •.. ,, •• -..,-. ,_, 
. .. 
48 
. ' 
EXHIBIT 12 
' 
Sector Multipliers for 21 Sector Model 
YEARS 
..... 
· 1961 1962 1963 1964 1965 1966 
1.00000 1. 00000 1.00000 1.00000 1.00000 1.00000 1. oo·ooo 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1. 00000 1.00000 1.00000 1.00000 1"00000 1.00000 1.00000 1. 00000 l.OOODO 1.00000 1.00000 2.22607 2.20959 2·. 21511 2.22502 2.18400 2.19513 2.33174 2.33407 2.29159 2.29372 2.27900 2.27910 
., 
,:....· 2.06519 2. 07466 2. 07995 2.05667 2.05193 2.04697 2.51404 2.54560 2.33308 2.28307 2.25927 2.26275 2.00000 2.04969 2.17709 2.13421 2.03055 2.02791 2. 18846 2. 18890 2.15475 2.14662 2.16399 2.17241 2. 35566 2. 42316 2.34925 2.33799 2.36873 2.32672 2. 35220 2. 40209 2. 35849 2.43649 2.44488 2.38649 2.56510 2. 49528 
· 2. 44661 2.46818 2.53162 2.48133 2.26416 2.24253 2.23749 2.24804 2.20930 2.21398 2~10946 2.10738 2.13101 2.11892 2~ 12530. 2.16308 
-2.11976 2.11497 2.17240 2.21007 2.22334 2.24783 2.01115 2. 00269 2.00846 · · 2.00503 2.00922 2.00209 2. 00754 2.01011 2.00572 2.00986 2.01773 2.01210 2-. 36637 2.36455 2.36590 2.32568 2.22459 2.10992 
" 2.00616 2. 01706 2.21509 2.00465 2.01108 2.00825 2.16281 2.17300 2.18405 2.16173 2.20147 2.19160 
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EXHIBIT 13· 
GENERAL WEIGHT HISTOORAM 
,, . 
2 occurrences 
-at > 1 • 0 
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EXHIBIT 14 
.• .. 
. ,,:;,,,..._,._,,! l,jl•"I REGRESSION HISTOGRAM 
2 occurrences 
/ 
. . ~--
_at > -1.-0. 
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EXHIBIT 15 
EXPONENTIAL SMOOTHING WITH TREND 
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